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A T a Meeting of Colliery Owners, Viewers, and others 
interested in the Coal Trade, held in the Coal Trade 
Office, Newcastle, on Saturday, 3rd of July, for the purpose 
of forming a Society, to meet at fixed periods and discuss 
the means for the Ventilation of Coal Mines, for the Pre- 
vention of Accidents, and for General Purposes connected 
with the Winning and Working of Collieries. 



The Meeting was attended by the following gentlemen :— 



Messrs. WM. ANDERSON. 
NICHOLAS WOOD. 
T. E. FORSTEB. 
WM. BARKUS, Sen. 
WM. BARKUS, JUN. 

C. ANDERSON. 
JOHN ROBSON. 

D. JONASSOHN. 
GEO. ELLIOT. 
H. T. MORTON. 

THOS. CRAWFORD, Sen. 
THOS. CRAWFORD, JUN. 
JNO. TAYLOR. 
MATTHIAS DUNN. 
EDWD. POTTER. 
THOS. JOBLING. 
T. C. MAYNARD. 
STEPHEN REED. 
R. H. PHILLIPSON. 
HENRY LONGRIDGB. 
EDWD. SINCLAIR. 
WM. HUNTER. 



T. Y. HALL. 

R. S. JOHNSON. 

JOS. SMITH, JiTN. 

J. R. LIDDELL. 

WM. WATSON. 

GEO. CLARK. 

THOS. WOOD. 

WM. STOBART. 

THOS. DOUGLAS. 

JOHN DAGLISH. 

CUTHBERT BERKLEY. 

SANDIMAN REID. 

T. C. HURST. 

JOHN RUTHERFORD. 

JOHN SOUTHERN. 

GEORGE SOUTHERN, JiTN. 

SEPTIMUS BOURNE. 

WILLIAM SPENCER, Jitn. 

G. C. GREENWELL. 

A, PALMER. 

R. SIMPSON. 

— RAWSTHORNE. 



WM. ANDERSON, Chairman. 



The following Resolutions were proposed and carried unanimously : — 

Proposed^bj Mr. D. Jonassohn, and seconded 
bylMr. T. E. Forster, 

That a Society be formed of Goal Owners, Viewers, and others, inte- 
rested in Collieries, to meet at fixed times to discuss the means for the 
V.MitilfitioTi of Collieries, for preventing Accidents, and for general pur- 
poses connected with the Winning and Working of Collieries. 
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Proposed by Mr. Geo. Elliot, and seconded 
by Mr. John Robson, 

That this Society be called " The North of England Society, for the 
Prevention of Accidents, and for other purposes connected with Mining." 

Proposed by Mr. Nicholas Wood, and seconded 
by Mr. T. C. Maynard, 

That a Committee be appointed, consisting of Messrs. E. Potter, John 
Robson, Nicholas Wood, William Anderson, George .Elliott, William 
Barkus, Sen., William Barkus, Jun., M. Dunn, John Taylor, T. C. May- 
nai'd, George C. Greenwell, T. C. Hurst, T. E. Forster, Thomas Craw- 
ford, Sen., Thomas Crawford, Jun., T. J. Taylor, William Armstrong, 
John Johnson, Thomas Jobling, H. T. Morton, with power to add to their 
number, to draw up rules for the regulation of the Society, and to report 
to an adjourned meeting to be held in this Office, on Saturday, July 81st, 
at 8 o'clock p.m. 

Proposed by Mr. T. E. Forster, and seconded 
by Mr. William Hunter, 

That Mr. Edward Sinclair be appointed Honorary Secretary. 

WM. ANDERSON, Chmrman. 



EEPOET. 



Coal Trade Office, Newcastle, July 2Ufi, 185?. 

The Committee appointed on July 3rd, have annexed to this Report, a 
draft of the Rules prepared, and now recommended by them, for the 
government of the proposed North of England Society for the Preven- 
tion of Accidents in Mines, and for the Advancement of Mining Science 
generally. 

It does not appear necessary for the Committee to enlarge upon the 
objects of the Society, which are already so well understood by the 
Meeting. |^Their remarks will, therefore, be confined mainly to questions 
of financial detml. 

It must be obvious, that the Society will require to be sustained hj 
adequate funds ; especially as so many branches of science are connected 
directly, andjndirectly, with Mining — involving, it may be, the purchase 
of expensive apparatus — ^the construction of models — and the prosecution 
of such particular courses of experiment and research as fall legitimately 
within the province of the proposed Society, and which may, together 
with a library of scientific works, be deemed essential to its success. 

Suitable apartments for the use of the Society will also be required. 

It seems advisable, however, to defer carrying out these arrangements 
until the means at the disposal of the Society shall be more clearly 
ascertained. 

The annual subscription of ordinary Members is recommended to be 
£2 2s. ; but the Committee submit, that the subscription from this source 
alone will prove inadequate to meet an expenditure sufficiently large to 
render the Society really efi^ective. The Committee would therefore re - 
spectfully suggesti that the deep interest which must be felt by tbeTrado 

B 



8 

in an institution of this nature, one of the results of which may be a 
matenal reduction in the expense of Mining* operations, might justify the 
appropriation of a fund, calculated to render the Society, in a great mea- 
sure, independent of the more precarious sources of support, arising out 
of the annual subscriptions of individual Members. 

The Committee therefore trust, that the meeting will take this very 
essential part of the subject into consideration^ and that the Trade will 
be induced to further the objects of the Society, by a provision calculated 
to render it permanently useful and prosperous, and to make it rank in a 
manner, to which this district is fairly and peculiarly entitled, with other 
institutions of a scientific character throughout the kingdom. 

The Committee would perhaps step beyond the line of their duty in 
suggesting the particular mode of raising the funds in question j but they 
may state, that the probable current expence of properly conducting the 
Society cannot be estimated at less than from £400 to £600 a-year : and 
assuming the permanent number of paying Members to be 100, a defi- 
ciency of between £200 and £300 a-year would thus require to be 
made up, 

WM. ANDERSON, Chairman. 



RULES 



OF 

THE NORTH OF ENGLAND INSTITUTE OF 

MINING ENGINEERS, &c. 



1. — ^That the Members of this Society shall consist of Ordinary 
Menil>er8^ Life Members; and Honorary Members. 

2. — That the Annual Subscription of each Ordinary Member shall 
be £2 2s.; payable in advance; and that the same shall be considered as 
due and payable on the first Saturday of August in each year. 

3. — ^That all persons who shall at one time make a donation of £20 

* 

or upwards^ shall be Life Members. 

4. — Honorary Members shall be peraons who shall have distin^ished 
themselves by their literary or scientific attainments; or made important 
communications to the Society, 

5. — That a General Meeting of the Society shall be held on the fii*8t 
Friday of every month, at 2 o'clock p.m.; and the General Meeting in 
the month of August shall be the Annual Meeting, at which a report of 
the proceedings; and an abstract of the accounts of the previous year, 
shall be presented by the Council. A Special Meeting of the Society 
may be called whenever the Council shall think fit, and also on a requi- 
sition to the Council signed by ten or more Members. 

6. — No alteration shall be made in any of the LawS; Rules, or Re- 
gulations of the Society, except at the Annual General Meeting, or at a 
Special Meeting ; and the particulars of every alteration to be then pro- 
posed shall be announced at a previous General Meeting, and inserted in 
its minutes, and shall be exhibited in the Society's meeting-room, four- 
teen days previously to such General Annual or Special Meeting. 

T. — ^Every question which shall come before any Meeting of the 
Society, shall be decided by the votes of the majority of the Ordinary 
and Life Members then present and voting. 
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8. — Persons desiroHs of being admitted into the Society as Ordinary 
or Life Members, shall be proposed by three Ordinary or Life Members, 
or both, at a General Meeting ; — the proposition shall be in writing, and 
signed by the proposers, and shall state the name and residence of the 
individual proposed, whose election shall be ballotted for at the next fol- 
lowing General Meeting, and during the interval, notice of the proposition 
shall be exhibited in the Society's Room. Every person proposed as an 
Honorary Member must be recommended by at least five Members of 
the Society, and elected by ballot at the General Meeting next succeeding. 
A majority of votes sball determine every election. 

9. — ^The Officers of the Society shall consist of a President, four 
Vice-Presidents, and twelve Members, who shall constitute a Council for 
the direction and management of the affairs of the Society ; and of a 
Treasurer, and a Secretary ; all of whom shall be elected at the Annual 
Meeting, and shall be re-eligible. Lists containing the names of all the 
persons eligible having been sent by the Secretary to the respective Mem- 
bers, at least a month previously to the Annual Meeting, the election 
shall take place by written lists, to be delivered by each voter in person 
to the Chairman, who shall appoint scrutineers of tho lists ^ and the 
scrutiny shall commence on the conclusion of the other business of the 
Meeting. At meetings of the Council, five shall be a quorum, and the 
record of the Council's proceedings sball be at all times open to the in- 
spection of tho Members of the Society. 

10. — The Funds of the Society shall be deposited in the hands of 
the Treasurer, and shall be disbursed by him, according to the direction 
of the Council. 

11. — The Council shall have power to decide on the propriety of 
communicating to the Society, any papers which may be received, and 
they shall be at liberty, when they think it desirable to do so, to direct 
that any paper read before tlie Society shall be printed. Intimation shall 
be given at the close of each General Meeting of the subject of the paper 
or papers to be read, and of the questions for discussion, at the next 
meeting, and notice thereof shall be affixed in the Society's room ten days 
previously. The reading of papers shall not be delayed beyond 3 o'clock, 
and if the election of Members or other business should not be sooner 
dispatched, the President may adjourn such business until after the dis- 
cussion of the subject for the day. 



NORTH OF ENGLAND INSTITUTE 

OF 

MINING BNGINEERS, 

HELD IN THE COAL TRADE OFFICE, NEWCASTLE-UPON-TYNE, ON 

SATURDAY, AUGUST 2l8T, 1862, 

NICHOLAS WOOD, Esq., Chairman. 



The proceedings of the last Meeting having been read, the Secretary 
reported a donation of Twenty Pounds from Edward Shipperdson, Esq., 
of Durham. 

Besolved, that the thanks of the Meeting be given to Edward Ship- 
perdson, Esq., and that his name be enrolled in the books of the Society 
as a Life Member. 

The Meeting then proceeded to the Election of Officers, when the fol- 
lowing names were returned : — 

NICHOLAS WOOD, Esq. 

Vitt IPrejEiftiente* 

THOMAS JOHN TAYLOR, Esq. 
THOMAS E. FORSTER, Esq. 
WILLIAM ANDERSON, Esq. 
EDWARD POTTER, Esq. 



Messrs. Thomas Jobling, 
John Robson, 
George Elliott, 
William Barkus, Sen. 
T. Crawford, Jun. 
H. T. Morton, 



(SounctL 



William Armstrong, 
Charles Carr, 
John Taylor, 
Sandiman Reid, 
G. C. Greenwell, 
J. A. Longridge. 



^xtamxtx. 

Mr. EDWARD BOYD. 

Mr.. EDWARD SINCLAIR. 

Moved by John Robson, Esq., seconded by Thomas 

Storey, Esq., and resolved. 

That the proceedings of this Meeting, together with a list of the 

OfBcerS; be printed^ and a copy sent to each Member; and also that they 

be published in the Newcastle, Gateshead, Durham, and Sunderland 

newspapers. 

NICHOLAS WOOD, Chairman. 



ERBATA. 
In Page opposite, for Matt. Hindliaugh, read Nath. Hindhaugh. 



NORTH OF ENGLAND INSTITUTE 

DF 

MINING ENGINEERS, 



MONTHLY MEETING, FRIDAY, SEPT, 3bd, 1862, IN THE LECTUEE ROOK 
OF THE LITERARY AND PHILOSOPHICAL SOCIETY, . 

NEWCASTLE-ON-TYNE. 

Nicholas Wood, Esq., Pbesidekt of the Institute, ik the Chaib. 

Messrs. Matthias Dunn and Goldswortliy Gumey were elected Hono^ 
rary Members of the Institution, and Messrs. Matt. Hindhaugh, John 
Walker, Bichard Lamb, James Joicey, John Joicey, and William 
Kimpster were elected ordinary Members, 

On the motion of Edward Potter, Esq., seconded hy William Armstrong ^ 

Esq., it was resolved. 

That each Member of the Society be empowered t6 introduce a stranger 
at any of the General Meetings of the the Society. 

The President then read an Inaugural Address ; after which the Meei^ 
ing was adjourned until Friday, October Ist. 



NORTH OF ENGLAND INSTITUTE OP MININO 

ENGINEERS. 



INAUGURAL ADDRESS 



DELIVEKED TO THE MEMBERS 



OF THE 

NORTH OF ENGLAND INSTITUTE OF MINING ENGINEERS AND 

OTHERS INTERESTED IN THE PREVENTION 
OF ACCIDENTS IN MINES, AND IN THE ADVANCEMENT OF 

MINING SCIENCE GENERALLY, 



AT 



N E WC A ST L E-O N-T Y N E, 



SEPT. 3rd, 1862, 



BT 



NICHOLAS WOOD, ESQ., 

MESfBEB OP THE INSTITUTE OF CITIL ENGINEERS, FELLOW OF THE 
GEOLOGICAL SOCIETT, MINING ENGINEER, AND 

PBESIDENT OF THE SOCIETY. 



PRINTED AT THE OFFICE OF WILLIAM AINSLEY, 

BADDLEB STREET. 

1852. 



The North of England Institute of Mining Engineers, 

and others interested in the prevention of Accidents in Mines, and %n 

th$ advancement of Mining Science generally. 

FBESIDBNT. 

NICHOLAS WOOD, Esq. 

YICE-FRESZDENTS. 

THOMAS JOHN TAYLOR, Esq. 
THOMAS E. FORSTER, Esq. 
WILLIAM ANDERSON, Esq 
EDWARD POTTER, Esq. 



COUNCIL. 



Messbs. Thomas Joblikg 
John Robson 
Geobge Elliot 
William Babktts, Sen. 



T. Cbawfobd, Jttk. 

H. T. MOBTON 

William Abmstbong 
Chables Cabb 



John Tatlob 
Sandiman Reed 
G. C. Gbeenwell 
J. A. Lonqbidge 



TREASUBBB. 

Mr. EDWARD F. BOYD. 

SBCBETABY. 

Mr. EDWARD SINCLAIR. 



RULES 

OF 

THE NORTH OF ENGLAND INSTITUTE OF 

MINING ENGINEERS, &c. 



1. — ^That the Members of this Society shall consist of Ordinary 
Members, Life Members, and Honorary Members. 

2. — ^That the Annual Subscription of each Ordinary Member shall 
be £2. 2s. Od. payable in advance, and that the same shall be considered 
as due and payable on the first Saturday of August in each year. 

3. — ^That all Persons who shall at one time make a Donation of 
£20. or upwards, shall be Life Members. 

4. — ^Honorary Members shall be persons who shall have distin- 
guished themselves by their Literary or Scientific attainments, or made 
important communications to the Society. 

5. — ^That a General Meeting of the Society shall be held on the 
first Friday of every month, at 2 o^ock p. m., and the General Meeting 
in the month of August shall be the Annual Meeting, at which a report 
of the proceedings, and an abstract of the accounts of the previous year 
shall be presented by the Coimcil. A Special Meeting of the Society may 
be called whenever the Council shall think fit, and also on a requisition 
to the Council signed by ten or more Members. 

6. — ^No alteration shall be made in any of the Laws, Rules, or 
Begulations of the Society, except at the Annual General Meeting, or at 
a Special Meeting; and the particulars of every alteration to be then 
proposed shall be announced at a previous Gbneral Meeting, and inserted 
in its minutes, and shall be exhibited in the Society's meeting-room, 
fourteen days previously to such General Annual or Special Meeting. 

?.-— Every question which shall come before any Meeting of the 
Society, shall be decided by the votes of the majority of the Ordinary 
and Life Members then present and yoting. 
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8. — Persons desirous of being admitted into the Society as Ordi- 
nary or Life Members, shall be proposed by three Ordinary or Life Mem- 
bers, or both, at a General Meeting ; — ^the proposition shall be in writing, 
and signed by the proposers, and shall state the name and residence of 
the indiyidual proposed, whose election shall be ballotte^ for at the next 
following General Meeting, and during the interval, notice of the propo- 
sition shall be exhibited in the Society's room. Every person proposed 
as an Honorary Member must be recommended by at least five Members 
of the Society, and elected by ballot at the General Meeting next suc- 
ceeding. A majority of votes shall determine every election. ~^ 

9. — ^The Officers of the Society shall consist of a President, four 
Vice-Presidents, and twelve Memberss who shall constitute a Council 
for the direction and management of the affairs of the Society ; and of a 
Treasurer, and a Secretary ; all of whom shall be elected at the Annual 
Meeting, and shall be re-eligible. Lists containing the names of all the 
persons eligible having been sent by the Secretary to the respective 
Members, at least a month previously to the Annual Meeting ; — ^the elec- 
tion shall take place by written lists, to be delivered by each voter in 
person to the Chairman, who shall appoint scrutineers of the Lists ; and 
the Scrutiny shall commence on the conclusion of the other business of 
the Meeting. At meetings of the Council, five shall be a Quorum, and 
the record of the Council's proceedings shall be at all times open to the 
inspection of the Members of the Society. 

10. — ^The Fimds of the Society shall be deposited in the hands 
of the Treasurer, and shall be disbursed by him, according to the direc- 
tion of the Coimcil. 

11. — ^The Council shall have power to decide on the propriety of 
communicating to the Society, any papers which may be received, and 
they shall be at liberty when they think it desirable to do so, to direct 
that any paper read before the Society shall be printed. Litimation shall 
be given at the close of each General Meeting of the subject of the paper 
or papers to be read, and of the questions for discussion, at the next 
meeting, and notice thereof shall be affixed in the Society's room ten 
days previously. The reading of papers shall not be delayed beyond 3 
o'clock, and if the election of Members or other business should not be 
sooner dispatched, the President may adjourn such business until after 
the discussion of the subject for the day. 



INAUGURAL ADDRESS. 



Gentlemen, — 

In delivering the first address to the Society at the 
commencenient of your labours, I must beg to congratulate the mem- 
bers thereof, on the progress which they have made in so short a 
time, towards the establishment of the Society. — ^The association to- 
gether of upwards of eighty members — ^the appointment of officers — 
and the subscription of an amoimt of funds, which however small is 
stiU what may be deemed sufficient for a commencement, — all point 
towards success. Let us not, however, deceive ourselves. We have 
only cut the first sod, or laid the foimdation stone ; the whole of the 
works or the edifice has yet to be reared, the resources developed, 
and the ultimate objects attained. 

While therefore you have done me the honwr to select me to 
preside over your labours and deliberations, bear in mind that it is 
only by miremitting perseverance — ^by the continued exercise of our 
united and combined efforts, that we can be successful. We must 
each of us act as if we were individually responsible for the success 
of the Institution ; and with such efibrts, and actuated by such feel- 
ings, there can be no doubt that we shall be success^. 

We have, I think (except the Funds of which I shall speak 
hereafter,) within us all ^e elements of success ; and supported as I 
have no doubt we shall be in respect of Funds if we act true to our- 
selves, and to the objects for which we are associated together, we 
may hope that to-day we are entering upon an imdertaking which 
may be of essential utility to the important interests entrusted to our 
charge, and which may be the means of averting some at least of those 
dreadful and deplorable catastrophes which have too oflen been felt with 



such disastrous consequences to the distressed, and to the sufferers by their 
occurrence: and that it may be the means of raising the profession 
to a higher standard of intelligence in Literature and Science, than 
it has hitherto attained. 

The object of the Institution is twofold. — 

First. — ^By a union or concentration of professional experience, 
to endeavour if possible, to devise measures which may avert or alle- 
viate those dreadful calamities, which have so frequently produced 
such destruction to life and property, and which are always attended 
with such misery and distress to the Mining population of the Dis- 
trict; and — 

Secondly. — ^To establish a Literary Institution more particularly 
applicable to the theory, art, and practice of Mining, than the Insti- 
tutions in the locality present, or which are within the reach of the 
profession in this locality. 

While therefore, we propose that the Institution should prac- 
tically consist of members of the profession of Mining Engineers, and 
that it should be substantially of a Literary character, we have thought 
it advisable to extend the range of its objects and labours, and we have 
consequently opened its doors to the admission of persons interested in the 
prevention of Accidents in Mines, and in the advancement of Mining 
Science generally. 

We are aware that this admits of a very extensive application* 
for who is not interested, if for no other object, from feelings of hu- 
manity, in the prevention of Accidents in Coal Mines ? 

Our. intention is however, not to employ the terms in so ex- 
tensive a meaning. We should be very glad to have the support of 
any individual in so desirable an object, from whatever motives or 
feelings he may be actuated; but we wish the principles of the 
Institution to be imderstood — ^it is an Institution of practical miners 
associated together, to endeavour by a combination of practical know- 
ledge — ^by an interchange of practical experience — and by a united 
and combined effort, to improve ourselves in the science of our 
profession, and by acting together as a body, we may be the instru- 
ments of preventing as much as practicable, the recurrence of those 



dreadful catastrophes to which I have alluded; and at the same time, 
to nise the art and science of Mining to its highest practicable scale 
of perfection, in safety, economy, and efficiency. 

Our Institution is in the first place, therefore, intimately con' 
nected with the interests of all the Proprietors of coal, and all the 
Lessees of Mines of this district; or what is generally termed, the 
Coal Owners of the North. Our claims to their support are all pow- 
erM. We are associated together for the prevention of Accidents in 
Mines. Who so interested in the prevention of Accidents as Coal 
Owners ? Past experience shews that they, are never behind the most 
energetic philanthropist in attention, and care, to the sufferings of the 
injtired, or victims of those dreadful accidents, or in alleviation of the 
misery and distress of their relatives or &milies; on this ground 
alone, we seek to have their support. But we are also associated toge- 
ther for the improvement of the art of Mining scientifically, practi- 
cally, and economically. The Coal Owner, or worker of the coal is 
therefore on that accoimt likewise most materially interested in the 
success of the Institution. And as one of the prominent features of 
the Institution, is to endeavour to accomplish the best and most per- 
fect mode of abstracting the coal, so as to produce the largest quan- 
tity of eoal out of a given area of mine, the Proprietor of the coal, as 
well as the Worker of it, is no less materially interested in the success 
of the Institution. 

Considering, therefore, that we have paramoimt claims upon 
the representatives of those interests for support and assistance, we 
have consequently opened our doors to the admission of gentlemen 
of both those denominations ; and we humbly solicit their support and 
co-operation in the one or other, or in both of those characters. 
We shoidd likewise be glad to have numbered amongst ^our members, 
or as supporters of the Institution, any literary, scientific, or practical 
members of other Institutions, professions, or occupations, whose la- 
bours, talents, or professional experience, can in any way aid our 
efforts, in the accomplishment of the objects of the Institution, either 
in the prevention of accidents, or in perfecting the art of Mining. 

With these general observations on the principles upon which 
the Institution is founded, I shall now proceed to point out more in 
detail, an outline of the subjects which we shall have to consider— 
the range and scope of the studies embraced within our Constitution-^ 



and the branches of Science which it is intended to grapple with, 
so as to accomplish the objects for which the Institution has been 
established. 

And first of all, as to the prevention of Accidents in Mines. 

I think it is a source of justifiable gratification to contemplate ; 
the readiness, almost witliout an exception, with which the Members 
of the profession have come forward in obedience to the wishes of 
those benevolent Noblemen and Gentlemen, who thoi^ht that the 
establishment of such an Institution as this, might contribute towards 
averting those dreadful accidents ; and the anxiety which they have evin- 
ced in modeUing the Institution, so as to accomplish the object in view. 

No set of persons certainly can have more powerful motives to 
associate together for such a purpose than Mining Engineers ; feelings 
of humanity towards those hardy and adventurous class of workmen, 
who are immured in our mines, and who suffer by such calamities — ^the 
heart-rending scenes which those in charge of such works are compelled 
to witness on such melancholy occasions — and the distressing bereave- 
ments which are continually brought to their very doors, appeal with 
irresistible force to them above all others, to associate together, if by 
such an association they can in any degree aid in preventing the 
recurrence of such fearful visitations. 

K these considerations, and no others, operated towards the 
establishment of such an Institution, sufficiently powerM motives to 
urge us (Ml, exist ; and if we succeed — ^if our efforts, in however slight 
a degree, contribute to confer additional safety to our mines— the reward — 
the approbation of our own consciences, that we may have been the 
cause of even saving the life of one of our fellow creatures — ^must be a 
sufficient inducement to force upon ujs the utmost exertions of which we 
are capable, in contributing our mite towards the success of such an Insti*- 
tution. 

It has been stated, that we are not the proper persons to unite 
together for such a purpose. — ^That we are interested persons, and that 
the proper persons for such an association, are persons entirely imcon- 
nected with the Coal Owners, or with the Managers of Mines ; I beg 
most decidedly, but most respectfidly, to doubt the soimdness of such a 
doctrine. — ^The motives of any gentlemen, of whatever class they may be. 



<it wbatever may be th^ parsuits in life, who unite togetiier, or in any 
ynj contribute towards the preyention of those accidents, cannot be too 
highly appreciated; the Miners — ^the Coal Owners — and every one 
engaged in mining, owe them a deep debt of gratitade for any effbrts 
they may make. 

It is from those v^^ fedings, emanating from persons themselves 
tbdly exposed in the mines, with those who acre liaUe to su^r, being also 
individually subjected in 1^ exercises of Iheir duties, to the effects of 
sach aocidents — witnesong the heart-rending scenes occasioned by 
«ach accidents — and from being supposed to be the only persons^ through 
whose assistance any preventive measures can properly be carried out, 
that we haTe deemed it incumbent upon us, and that we conskter our- 
selves a proper class of persons to unite t<^ther and at least make the 
attempt, to endeavour to accomplish the desired object. 

At the same time I feel assured Ihat I speak the sentiments of 
every member of the profession, when I say, that we do not for one mo- 
ment entertain the idea, that the establishment of this Institution should 
in the least d^ree render it unnecessary, or that we should interfere in 
any way whatever with the establishment of any other Institution, for 
the prevention of acdidents in Mines; and particularly with the one 
proposed to be established in London. On the eontrary, every member 
<^ the Institute, I am sure, either individually, or in coimection with 
the Instituti<»i, would be most happy to co-operate with, assist, or in 
flny way aid the efforts of any other Institution or Society, having for 
its object, the prevention of accidents in mines : and that it will be one 
of the leading objects of this Institution, to consider, afford a careful 
and impartial trial, or carry into effect any su^estion, plan, or measure 
^submitted to them, having for its object, the prevention of those accidents. 

I have thought it necessary to trouble you with those remarks, in 
consequence of allegations having been made, tiiat the object of the 
establishment of this Society veas to stifle enquiry — to interpose difficul- 
ties in the establishmCTit of other Societies — or to create obstacles to the 
introduction or suggestions of measures recommended by such Societies, 
towards the prevention of accidents in mines. Whereas, our wish is, 
and it is our desire, and it diould be clearly and distinctly understood, 
that our object is quite the reverse : — that it is our wish to aid, assist, 
and carry out the views of such associations — ^to carefully consider any 
plan which maybe submitted to us— bring our united practical know- 
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ledge to bear upon such consideration ; and if the measure, or plan, is 
at all feasible, or exhibits reasonable prospect of being beneficial, or to 
accomplish the object for which it is proposed, to do our utmost in 
giving it a &ir and impartial trial. 

And here it may not be irrelevant to those considerations or with- 
out its use in elucidating the objects we have in view, to glance at what 
has of late years been done towards the prevention of Accidents in 
Mines, induced by the frequency and serious extent of those Accidents ; 
and to see how far these enquiries have contributed to arrest the fearful 
visitations. 

In the year 1835, a Committee of the House of Commons was 
appointed, of which Mr. Joseph Pease was Chairman, a Gentleman from 
being himself an extensive Coal Owner, being in daily communication 
with his Mines, and being by his talents, application, and soimd practical 
knowledge, every way suitable for that office. The result of the 
labours of that Committee, which sat hearing Evidence over a period of 19 
days, and produced a Blue book of 360 pages, did not lead to any promi- 
nent alleviation of such accidents. They reported " In conclusion your 
Committee regret that the results of this enquiry hav^ not enabled them 
to lay before the House any particular plan, by which the Accidents in 
question may be avoided with certainty, and in consequence no decisive 
recommendations are offered, — They anticipate great advantages to the 
public and to humanity, from the circulation of the Valuable Evidence 
they have collected. — ^They feel assured that Science will avail itself of 
the information, if not for the first time obtained, yet now prominently 
exhibited : and that the parties for whose more immediate advantage* 
the British Parliament undertook the enquiry, will not hesitate to place 
a generous construction on the motives and intentions of the Legislature." 

In the year 1839, (resulting from a serious explosion of Fire Damp 
at St. Hilda Colliery, near South Shields, by which 50 people were killed,) 
a Committee was appointed of South Shields Gentlemen, of which Mr. 
Mather was Secretary, and which sat occasionally for 3 years. — ^The result 
of that Committee was a Report of very great value, published in 1843. 
It has also been republished, as an appendix to the Eeport of a Com- 
mittee of the House of Commons, of this year. 

The conclusions to which this Committee arrived were rather 
numerous.— With regard to safety lakfs, they concluded that " no 



mere Safety Lamp, however ingenious in its construction, is able to secure 
fiery Mines from explosions ; and that a reliance upon it is a fatal error, 
conducive to those dreadful calamities, which it is intended to prevent/' 

With regard to ventilation, " that considering its power, safety, 
and economy, facility of execution and command. Ventilation by High- 
pressure Steam is peculiarly fitted for the present condition of Mines, and 
adapted for them in every stage of their operations. — ^That it appears one 
of the most important and valuable suggestions, and if fully and properly 
applied, preferable as &r as relates to its effects on the safety and healthi- 
ness of the mine to any invention of modem date." — ^The committee 
recommended the use of Scientific Instruments, some regulation of In&nt 
Labour, Registry of Plans and Sections, Scientific Education of Officers 
of Mines, and Government Lispection and Jurisdiction. 

In 1845, Sir Henry de la Beche, and Dr. Lyon Playfidr, were 
appointed by government to institute an enquiry into the causes of 
Accidents in Coal Mines, particularly as regarded the noxious and in* 
flammable Gases, the escape of Gas into Mines, and of obviating dan- 
ger therefrom by proper Ventilation. — ^The Labours of these Gentlemen 
were published in 1847, and the general result appears to have been 
the reconmiendation of the appointment of Grovemment Inspectors ; 
and t6 compel the use of Safety Lamps in all fiery collieries. 

In' 1849, in Consequence of the continuance of those accidents, 
a Committee of the Lords was appointed, of which Lord . Whamcliffe 
was Chairman, a nobleman every way qualified for such a task. This 
committee sat receiving evidence 18 days, and produced a Blue 
Book of 615 Pages. — ^No Legislative measure was recommended 
to Parliament by this committee>— They contented themselves with re- 
porting the Evidence, with a commentary upon it in their report, di-^ 
recting attention to various parts of the evidence, especially as regarded 
the appointment of Inspectors, to improvements in Safety Lamps, and 
of Ventilation generally; and directed particular attention to the pre-^ 
cise action and power of the Steam Jet as a Ventilating Agent, com- 
pared with that of the ordinary Furnace, hitherto in use. 

During the Session in which this Committee sat, an appointment 
was made by the Government of Professor Phillips and Mr Blackwell, 
to investigate and Eeport on the Ventilation of Mines. — ^These two 
Gentlemen made separate Beports ; — ^the former of the Mines in 
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NordiumbeilaDd aad Durham, Derbyshire and Yorkshire; the latter 
in Lancashire, Staffordshire^ Shropshire, and South Wales, &e. 

Those Gentlemen produced a valuable mass of Evidence and 
luTestigation, ghing. the &icts as regarded the system and amount of 
Ventilation aJt the different Collieries, and in the different Districts. — 
The conclusion Ihey arriT^d at may be shortly stated, by sapng that 
ihjej considered superior practical and scientific Knowledge was required 
in some of the Districts. — " superior skill, and unsleeping vigilance in 
the overlooker ;" — ^which they thought would be promoted by the estab- 
lishment of provincial Mining Schools, and by a systematic Infection 
imder the authority of Government. 

In 1851, Government Inspectors were appointed ; unfortunately 
however accidents still occurred, and in this Year a Committee of the 
House of Commons was appointed, of which Mr Cayley was chairman. — 
This- committee sat receiving evidence 5 days and published a report 
of 247 Pages, (including the reprint of the Report of the South 
Shields Committee.) — ^This Committee has made various suggestions, 
some of them of a most startling nature, both as regards the practicar 
bility of their adoption, and their utility in accomplishing the objects 
for whiok they are recommended : and certainly great doubts exist 
as to the propriety, as well as the efficiency of several of thellr sug- 
gestions, as regards the Ventilation of the Mines. One of the opinions 
they express is — ^'Your Committee however are unanimously of opinion 
that the primary object should be to prevent the explosions themselves : 
and that if human means (as far as known) can avail to prevent them 
it is by l^e Steam Jet system as applied by Mr. Forster ; although 
even in such case it might be prudent in a mine especially fiery ta 
add an ineiqpensive Steam Jet apparatus at the top of the downcast,^ 
as a means in reserve in case of explosion from neglect or otherwise ; 
and. your Committee ace unanimously of opinion that the Steam Jet 
is the most powerful, and at the same time least expensive method 
for the Ventilation of Mines." 

Looking at the Evidence produced before those Committees at 
the various periods- — ^the information elicited by the labors of the 
scientific Gbndemen employed to report upon the subject — ^the con- 
clusions, and reeommendations which those Committees and Gentle- 
mesn have from time to time arnved at or made ; and more especially 
looking at the conclusions and recommendations which the Committee 
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of this year has made to the Legislature, I need scarcely say how 
incumbent it is upon the proprietors and managers of Mines to care- 
fully, minutely, and impartially study and consider, such a mass of 
Evidence, and the important conclusions to which those Gentlemen 
have arrived at, or measures which they have reconmiended. 

And here I may again perhaps be permitted to state that the 
Institution which we are now engaged in establishing, is probably the 
most proper tribimal to enter upon such an investigation. 

It has always been felt that individual Collieries, or individual 
Coal Owners, were not able or capable of undertaking such extensive 
experiments as would be required to test some of the suggestions made* 
or schemes proposed by those Committees, or by Scientific Gentlemen or 
others ; and thus on the principle that what was every body's business 
was nobody's business — these volimiinous Reports, those various, and in 
some instances probably useful or valuable suggestions have lain dor- 
mant—or have been placed upon the shelves of the Colliery 0£Bices 
without notice or attention. 

Now however we have no such excuse open to us, being associated 
together for the express purpose and object of probing, and investigating 
every thing connected with the subject of Mining ; however crude, inap- 
plicable, or even however ridiculous the proposition or plan may be, it 
is just as incumbent upon us to give it a fair and impartial investiga- 
tion as if were the most perfect or valuable suggestion. 

Acting as a body, every plan brought before us will have at least 
a careful and impartial investigation, and if we imitedly find that any sub- 
ject requires practical elucidation, or if in order to enable us to arrive at 
a satisfactory conclusion, it is necessary that any plan or suggestion should 
become the subject of experiment, I feel assured we shall be readily met 
by our employers, to place their pits at our disposal, and enable us to test 
by practical experiment or experience, any plan, mode, or su^estion, 
which may be offered to our notice on so important a subject, — ^provided 
we are unitedly of opinion that such experiments or trials can in any way 
conduce to lessen the number of accidents in Mines, or tend to advance 
the Science and economy of mining. 

Apart however from the suggestions resulting firom the labours of 
these Committees, and from the investigations of professors and otliers, 



we have the subject generally of Ventilating and Lighting of Mines open 
to us, and calling upon us for investigation and discussion ; and looking 
at the yariety, importance, and intricacy of these subjects, there can be no 
apprehension that the Institute wiU be at a loss for materials to discuss> 
and looking also at the anxiety evinced by the Members in the outset, no 
reasonable assumption can exist that any part of the subject will not 
imdergo the requisite investigation and consideration. 

Within the last 40 years to my knowledge, and to the experience 
of some of my colleagues, mighty and important changes, and improve- 
ments have been made in the Ventilation of Collieries — It is true we 
stiU retain the Furnace as a Means of Ventilation — some say as an 
old friend — some from predjudice — still we retain it. We have had as a 
substitution during that period innimierable plans, and suggestions, few of 
whom have stood the test of time and experience, — ^we have had the 
application of Machinery suggested in almost every variety of form to 
produce a current of air through the Mine by pumping the air out of the 
Upcast Shaft ; and we have had some to force the air down. AU these 
appear to have given way to two modes by Machinery now in use, one by 
Mr! Brunton, acting by centriftigal force, in the compartments of a wheel 
of large diameter ; and one by Mr. Struve of a direct fan action. Then 
we have the Steam Jet, (strongly recommended by the Committee of this 
year,) originally proposed by Mr. Goldsmith Grumey to the Committee oi 
the House of Commons of 1835, and more particularly described and 
illustrated in the Report of the South Shields Committee in 1840, but 
which was not brought into operation until 1848. 

These different modes of ventilation, ought to form the earliest 
subjects of our investigations — they have been brought before us in a 
shape which makes it incimibent upon us to proceed to their inves- 
tigation with the utmost care and impartiality, and without loss of time ; 
but still in such a way as frilly to test their relative capabilities, and their 
applicability in all or any of the cases in mining. With the resources 
within your reach, or which I feel confident will be placed within your 
reach, it is incumbent upon you to set the question at rest in a practical 
point^of view. 

Besides the enquiry as to which of the various modes of venti^ 
lating exhibits the greatest power of abstracting the air up or down the 
Shaftr— there is a great deal to investigate in the Shafts themselves. The 
effects on Ventilation with Shafts of greater or less diameter — ^the com- 
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parative efiect with. Shafts of different depths, and other modifications, 
all will, or ought to occupy your attention, and perhaps all the requisite 
data can only be obtained by an accumulation of facts such as will now 
be afforded you by this Institution. 

"When however we have investigated and arrived at the conclusion, 
as to which plan produces the greatest current of air down the Shaft, wc 
haye only arrived at the threshold of Ventilation. One of the parts of 
the subject which has undergone the least investigation, and which is 
decidedly the most important, is the principles, or application of the con- 
veyance of air through the Working of the CoUiery ;^-or from its entry 
into, to its exit out of the mine. We have found that passing one single 
current of air through the working of a mine, from its entry to its exit, 
is attended with considerable resistance, such as to render it impractica- 
ble in a very long current to produce other than a very moderate velocity, 
or in Mining language a small current of air. And experience has shown 
that, by what is called splitting the air, or by dividing it into a greater 
number of currents, with corresponding shorter runs, a greater aggre- 
gate quantity of air is obtained, or a greater quantity than would be 
measured by the number of divisions into the quantity obtained by a 
sihgle current. -That in fact if a single current of air is divided into 
four currents, you obtain in each current, a much greater quantity of 
air than one-fourth of the original quantity in the single current ; but we 
have not, to my knowledge, arrived at any tangible principle or rule by 
which this is regulated. 

The conveyance of the air through aU the workings of a Colliery 
is even therefore in 1852, a subject requiring serious investigation. And 
probably it has been the very want of such an Institution as this, that 
such and other investigations of a like nature have not been made before, 
as such investigations could not be gone into with complete and accurate 
effect, except by bringing together a variety of instances and facts, at- 
tainable only by an association, when each member can contribute his 
quota cf materials towards a general result. 

Then, I think that we may safely say, that much yet may be learned 
as to the emission or discharge of the different gases found in the Mines, 
which may be useful in a practical point of view, both with regard to the 
guarding against the sudden discharges of gases, as weU as how to deal 
with them when evolved. 
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We come now to the lighting of the Mines ; and it will be found 
that great part of the labours of the parliamentary Committees and 
others employed to investigate the subject of accidents in Mines, has 
been taken up with enquiries as to the relative merits and safety of 
the different Lamps. 

It may be necessary to ask you to revert to the period before 
the invention of any Safety Lamps at aU — ^when the only lights used 
were naked candles ; and in parts of the mine which were explosive, 
Steel Mills, or flint and steel. The latter gave, as may be supposed, 
a very imperfect and uncertain light, dependent upon the dexterity 
of the operator or mill-player, producing or not, a continuous succes- 
sion of sparks. The Steel Mills were consequently only used in ex- 
ploring the old workings or waste. 

All the Mines may then be said to have been worked with 
candles until the year 1815, when the Safety Lamps were introduced. 

We find that since the invention of the Safety Lamp in 1815, 
there have been more Accidents than when the Mines were entirely 
worked with candles. This would at first sight appear paradoxical, but 
the reason is obvious. Coal is worked now which could not then be 
worked. Mines which yielded large quantities of gas could only be 
partially worked in the whole mine, and in such mines pillar-working 
could not be attempted ; hence a large proportion of the Coal in the 
District was either imworkable or imworked. Since the use of Safety 
Lamps these mines have been worked, and the pillars which were 
then left, are now in the course of working with Safety Lamps. It 
is therefore in those mines and in the piUar-working that the use 
of the Safety Lamps are rendered necessary; and it is in some of 
those mines, — ^in pillar-working, — and in the vicinity of goaves that it is 
impossible to keep the workings free from gas ; hence the liability to 
explosions, and hence also if an accident does occur, the reason why 
it is much more disastrous, than when the mine was worked with 
candles, and when such of the mine only was worked as could be 
freed from the presence of inflammable gas, or reduced below the 
inflammable point. The number of accidents or deaths from explo- 
sions in the counties of Northumberland and Durham we find for 60 
years previous to 1815, or when Candles were used, was 734; while 
in 30 years afterwards the niunber was 968, with the use of the 
Safety Lamp ; and we have the more appalling fact, that since No- 
vember, 1850, (the commencement of the Act for the appointment 
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of Government Inspectors,) the number of deaths by explosions has 
been at the rate of 250 per annum. These results urge upon us 
with awful force, the question of whether any thing can be done, un- 
der such a system of working the mines, as would to any degree 
avert such dreadful consequences. 

The subject of Safety Lamps will therefore no doubt form the 
subject of your early and anxious investigation, and no part of the 
subject will require more serious or careful attention. It is now I 
inaj say almost impossible to conduct the mining operations of this 
District without having some Collieries or parts of Collieries subject 
to be overloaded with inflammable air at times, and it is therefore of 
the utmost importance that those parts of the mine should be ap- 
proached with a perfectly safe Lamp, if such a desideratimi is at- 
tainable. 

The opinion given before the Committee of the Commons, which 
has just issued their Report, of the insecurity of the Davy Lamp, and 
the fact that thousands of those Lamps are daily used in an inflam- 
mable atmosphere ; renders this an inquiry of vital -importance to the 
safety of the Miner, and the security of the property of the Coal 
Owner; and I feel therefore assured that you will approach such 
enquiry with that anxiety and interest which the importance of the 
subject demands. 

I think I have now exhausted what I have to say on the first 
part of the duties of this Institution, and I fear I have exhausted 
your patience also. I must however beg to say a few words on the 
second part of the object of this Institution, viz, — ^that part which is 
more purely of a scientific, practical, and professional character, and 
-which may be generally summed up in that part of mining which applies 
to the theory and practice of the Winning and Working of Collieries. 

In the Winning of Collieries, the first process is that of Bor- 
ing. I feel assured that it would be a very useful work in the ar- 
chives of our proposed Institution, if we possessed detailed plans of the 
different Boring Instruments used here and on the Continent. 

In the Borings for Coal, and in the Borings for Artesian 
Wells, there are a great variety of Boring Apparatus ; I trust ere long 
we shall have from some of the Members of our body a paper on 
the subject, accompanied with the requisite Plans and Drawings. 
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The next subject which presents itself is Sinking Pits; and 
here there is a vast store of knowledge scattered about in the Trade, 
laying in unprofitable obscurity in the drawers, and in the archives 
of the profession. I trust that their anxiety to support the character 
and utility of the Institution, will induce them to bring those docu- 
ments to day-light, and that they will impart their experience to their 
brethren. There is nothing so important, nothing so useful, when im- 
successful, than that we should have commimicated to us the causes of 
fEolure ; — and it is equally important and useful, to have the experience 
of successful efforts, in overcoming dangerous and difficult undertakings. 



This District more than any other, yields instances of the most 
expensive and difficult sinkings for Coal. It will be of the greatest 
value to have records of them, and detailed plans, and correct des- 
criptions of the works of extensive Sinkings. We have had only 
recently, two very important and extensive Sinkings, of great depth, 
and in one of the instances, of extraordinary difficulties. It would be 
of great utility to the rising members of the profession, and pro- 
bably to some of more experience, if we could have placed in our 
archives correct records of the means practised to overcome such 
difficulties. 



The two instances to which I allude are the Murton and Seaton 
Winnings, within two miles of each other— one an instance of the 
largest quantity of water probably ever overcome at so great a depth, 
I believe about 8000 Gallons a minute, or upwards, from a depth of 
70 or 80 fathoms. The other, within that short distance, a case of 
having passed through precisely the same strata or measures without 
having ever met with, at one time, more than 500 G^ons per minute. 
I trust ere long we shall sec amongst our papers and plans, the expe- 
rience, and aU the details of those two important undertakings 
Having myself had charge of one of them, I undertake to furnish 
the Institution with the details of the Seaton Winning; and I have 
no doubt my friend Mr. Potter will be equally ready to furnish an 
account of the more difficult and extensive one of Murton. 



Besides these cases there have been many others, from a re- 
cord of which, much information and instruction may be gained. Then 
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we have the consideration of the different kinds of Tubbing suitable 
for all the variety of sinkings. Something also, of the preservation of 
that Tubbing exposed to the smoke in upcast Shafts, or to other de- 
structiye gases or water — all important questions for discussion and 
elucidation. 

The different descriptions of engines, machines, machinery, 
pumps, and all the variety of apparatus for raising water when it 
does find its way into the Shafts, all form subjects likewise on which the 
Institution might be profitably occupied for a long period of time; 
and on which much valuable information and instruction, derived from 
records of what has been done, and from the experience of those 
gentlemen through whose supervision and direction, such works have 
passed, or by whom they have been executed, may be obtained. And 
allow me to say, that no doubt whatever can exist, that the informa- 
tion — the dissemination of the knowledge and experience of those 
gentlemen who have executed such works — ^brought out in the discus- 
sion of this Institution, will be duly appreciated by those to whom 
such information must be invaluable, viz., — ^the yoimg members of the 
Association. 

And, I trust I may also be allowed to add, that it is equally 
clear and certain, that such information must be of the utmost value 
to those to whom we look for support, viz.,— our employers, as 
enabling us to bring to bear upon the execution of such works as we 
may be intrusted with in future, the acciunulation of all the experience 
of the Trade, elicited by the papers presented, and from the dis- 
cussions which will arise thereupon. 

Next comes, the working of the Coal and the machinery con- 
nected therewith; and here a wide field is open to us. When we 
look back to no very distant period, little beyond the last generation, 
we find that a very large portion of the Coal now in working was 
utterly unapproachable. The machinery then in use was not capable 
of combating the difficulties attendant upon its increased depth and 
other circumstances. What has since been done? What revolutions 
have we not passed through, in aU the concomitants of mining and 
locomotion? The pumping of water, and drawing of coals by water- 
wheels will be in the recollection of some of our members, and' it is 
only very recently that one of the old engines with the cylinder upon 
the hay-stack boiler, the steam passing between them through a slide 
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Valve only, has given way to the modem improyed engine. And we 
have had within our own times, the invention and introduction of the 
locomotive engine which now performs such wonders. 

What has been the condition of Mining operations through all 
these variety of changes and improvements? Coal once considered 
imapproachable, is now worked and brought to the surface with as 
much ease as if it were only a few yards deep. The range of the 
Workings of some of the large Collieries now extends over a space which 
required several pits some years ago. I took the opportunity of 
stating on a recent occasion that in the Hetton Colliery there were 
40 miles of single Railway underground. Improved modes of work- 
ing the Coal and conveying it underground have also been adopted, or 
have become necessary. AU these however implies a constant and con- 
tinual succession of improvements, alterations, and adoption of new 
systems, or modes of working the Mines, and in the conveyance and 
raising of Coals, induced by the progress made in the improvement 
of Machinery and advancement of Science, and rendered more im- 
peratively necessary to meet the increased cost and expence of working 
the Coal. And do not let us entertain the idea that we have arrived at 
perfection — ^we are yet in a state of progression — in a state of transi- 
tion, and improvement; — and in the ratio of what has been done, sa 
much the more is required of us. Our predecessors have succeeded in 
raising the standard of intelligence in the art of Mining, and in the 
use of Machinery much beyond that of former times ; what they have 
done in raising the standard up to its existing scale, let us emulate, 
improve, and raise it Airther, so as to keep pace with the increasing 
wants, intelligence, and requirements of the age. 

Bearing all these in mind what does it suggest to us? — First, 
to inform ourselves of all that has been done ; and when all this is 
made patent to us, to imite together in heart and mind, and endeavour 
by our combined efforts to keep pace with, or if possible, to outstrip our 
predecessors in the field. And, allow me to say, if we accomplish 
as much in our time, as our predecessors have done, within the last 
40 years, we shall be no mean contributors to Science and the Arts. 
Let us at least make the attempt. There is no finality in Science. 
We must progress, and availing ourselves of the opportunity which 
the establishment of this Institution will, I trust, afford us, let us 
put our shoulders to the wheel, and prove ourselves no degenerators 
from our predecessors. 
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Acting up to those principles and examples, we ought to set 
mmelves to work and fill our shelves with plans and information of all 
the labours of our predecessors ; from this we shall no doubt acquire 
a great deal useful to us as a guide in our subsequent investigations, 
the different modes of working coal, and the applicability of all those 
different modes of wovking to the various descriptions of Coal, or imdet 
diflferent circumstances, all require elucidation. We have recently had 
introduced the long-wall mode of working, a mode of working which 
has been practised in other districts for years back. It has been often 
introduced into this district, and as often rejected, as inapplicable to the 
Seams of Coal in this locality ; — it has however now obtained such an 
ascendancy as to require the serious attention of all concerned in 
Mining, how far its use can be extended, and imder what circumstances 
it can be adopted, or imder what modifications it ought to be prac- 
tised. Need I say that this is a subject peculiarly appropriate for 
discussion in our Institution. And when we consider the ramifications 
into which this subject will spread, we have no cause to apprehend a 
^^t of matter even under this branch of knowledge to occupy our 
labours. 



This is, it may be stated, the subject above all others in which 
the proprietor of the Coal is most deeply interested. Any measure 
which has the effect of producing the largest possible quantity of Coal 
out of a given area of royalty, and that in the best possible condition, 
IS of the greatest importance to the Lessor. Let me then venture to 
liope that, in the proportion in which he is interested, will he contri- 
bute his quota towards the support of the Institution. 



Having some consideration for your patience I shall leave the 

subject of working the Coal, however important it is, and shall ask 

you to allow me to say a few words on the conveyance of the Coals 

both underground, and on the surface. Considering that almost every 

day the distance is increasing, from which the Coals have to be 

conveyed from where excavated to the Shaft, it becomes of the greatest 

importance that the best and most economical modes of conveyance 

should be adopted, and therefore latterly the attention of the Viewer has 

been more particularly directed to the application of Engine-power 

imder-ground than heretofore. 
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Consider therefore that the subject i^ yet in its infancy — ^that 
there yet remains much to be done — ^that the application generally is 
scarcely yet commenced, much may therefore be learnt by a free and 
practical discussion on the details of such applications — ^the experience 
of those who have used such Machinery — ^the result as regards cost 
of Erection, cost of Working, and the useful, effect produced, — or 
practical performance of those Machines, all require to be inyest^ted 
and discussed, and which would be extremely useful to the profession. 

The conveyance of Coals and other minesals aboye-ground is not 
a less important subject of enqi^ry. 

The different description of carriages used both below and above- 
ground should also undergo investigation ; and their relative amoimt of 
friction, wear and tear, &jc. 

The shipment of Coals, the saving of breakage of the Coals, their 
conveyance and delivery to the consumer, have all become of late, sub- 
jects of some importance to the Coal Owners. It will not be irrelevant 
therefore to the object of the Institution that these should become subjects, 
of investigation and discussion. And even the question of the compara- 
tive cost, utility, and applicability of the Screw Colliers in the convey- 
•ance of Coals, might i)e a subject of some interest in the proceedings of 
this Society. 

I have I fear, at too extended a length, occupied your attention 
with the consideration of those portions of the constitution of our Society 
which relates to Accidents in Mines ; and to the practical or operative 
part of Mining. We must not however neglect a most important branch, 
indeed the mainspring of the Society ; that of the ^vancement of the 
■Science of Mining, or the cultivation of those branches of science which 
more particularly appertain to our profession. The study of Geology 
and all its concomitant branches of Science, Mineralogy, Chemistry, 
Mechanical Philosophy,- Pneumatics, and Mechanics, are all subjects 
which would occupy the time and attention of all the individual members 

« 

of the Institution, and the meetings likewise of the Institute collectively, 
very usefully and profitably. 

Papers upon any of these subjects woTjTd be extremely acceptable, 
and the discussion which might arise o\it of them, would, I have no doubt, 
be very instructive. I have already, on a recent occasion, in an Inaugural 
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Address on the establislunent of a Sckool of Mines, ventured to point 
out, that all these Sciences ought to enter into the education of a Mining 
En^eer. I feel assured that their investigation and discussion in after- 
life, xnost be equally instructive and useful in his profession. 

Without therefore entering into detail on this part of the subject, 
it must be apparent to all that there is in those branches of Science, 
ample matter for a large portion of the tLme of the Institution. I would 
beg to refer to the work above alluded to for any further explanation on 
tliis head, though I have no doubt each individual Member is quite as 
deeply impressed as I am of the importance of the study, and of the 
knowledge of those branches of Science to a Mining Engineer. 

A record of the Mining operations of this County has long been 

felt as a great and important desideratum, so much so as to cause it to 

become the subject of Parliamentary investigation. Let us hope that 

the establishment of this Institution may present an opportunity, or 

an inducement for the production of a record of Mining operations 

of this District. I am aware the obstacle has been the supposed exposure 

of private property, and the apprehension that such exposure might 

be injurious to the interests of those in possession of such docimients. 

There may possibl}^ be much predjudice in this. There are however 

a yery great many cases to which such an objection could not possiUy 

^ply, and the production of such Plans and papers being of course 

voluntary, and in all probability through the hands of the professional 

adviser of the person possessing them, no harm, but on the contrary 

in my opinion, a great deal of good might ensue by an attempt to 

4iombiDB a local record of the Mining operations of this District with 

this Institution. 

I need only instance one case, where no real objection can possibly 
■exist, and where the deposit of such plans would be very valiiable. The 
High Main Seam, (from whence up to a comparatively recent period all 
the Wallsend household Coals were produced,) is in the course of being 
entirely and irrecoverably filled or drowned up with water, on the South 
side of the Great Dyke to the level of the Tyne. It will shortly be one 
of the things that hath been. Surely there can be no objection to the 
production and deposit of the plans or copies of the plans of such a Seam 
in so extensive and important a District. The opportunity of doing so 
is now within our reach. But if it is not now done, time will scatter the 
niaterials into so many hands and places, that the opportunity may be lost 
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It is to b^ hoped likewise that a Collection of the Borings, Speci- 
mens of the Strata generally, Specimens of the different Beds of Coal, 
and of the Minerals produced in the District, will be contributed, or ob*- 
tained. We shall also, to render the Institution more efficient, and to 
enable us to carry its objects into full and useful effect, require Models to 
illustrate the different subjects within the extensive range of our duties 
and researches. It would be necessary also to have a Library to refer to, 
on all the subjects within the range of Mining, Ekigineering, and the differ- 
ent branches of Science which we shall have to cultivate. And lastly, we 
shall require suitable rooms to meet in, for our discussions, and for the 
deposit of our Models, Plans, Books, and Papers. And may I venture to 
hope that our funds may enable us to ^ve rewards, or medals, or in some 
substantial mode to mark the approbation of the Institution for papers of 
merit, experiments made to promote the objects of the Society, or for 
important commimications to the Institution, which may tend to lessen 
the number of accidents, or promote the economy, or efficiency of Mining. 

In conclusion, I have endeavoured so &.r as I have been able, and 
within the limits of an Address,' to point out to you a £iint outline of the 
constitution of this Society — ^its objects, and the important duties which 
it will be expected to ftdfil. I need scarcely add how important they 
are, not only to the literary and professional character of the Members 
of the Society, but to the extensive and important interests comprised 
within the scope of its labours. We have not confined ourselves to Mem- 
bers of the profession, or have made it purely of a Literary or Scientific 
Character. We have extended the sphere of our labours to all those 
studies and researches of an economical, practical, and useful character, 
in aU the ramifications into which they are susceptible, and which can by 
possibilty bear upon the safety, success, and prosperity of the staple 
commodity of the District. 

We have opened our doors to the admission, as I have previously 
stated, and as our Title points out, to aU persons *' interested in the pre- 
vention of Accidents in Mines, and in the advancement of Mining Sci- 
ence generally," and we therefore seek for support from all those persons. 

But besides those Gentlemen who are interested from feelings of 
humanity, in the prevention of accidents, we rely for support from 
those Noblemen and Gentlemen who are, in addition to those feelings, 
personally interested in the Mining operations of this District. We 
haye amongst ihem> Iieftmed Bodies of great wealth and imp(»:tance,-^ 
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Coiporatioiui, Noblemen, and Gentlemen of the first rank and respecta* 
bility in the kingdom. We have advisedly abstained from soliciting 
Patrons, when there are so many who would do honour to the Institution, 
we have thought it advisable that such support should be voluntary, 
when the object of the Society is pointed out to them. And we trust 
that such support will flow upon us, in proportion as the importance 
and nsefohiess of such an Institution is weighed and considered by themy 
It would however be misleading those Learned Bodies, those Noblemen 
and Gfentlemen, and the Public generally, if we were to hold out expec- 
tations that the Institution could be completely successful, or that wt 
tonid accomplish what it must be apparent to all would be extremely 
desirable, without the patronage and support of those most materially 
interested in the success of the Institution — ^the Lessors and Lessees 
of the Coal Mines of this District. Without the requisite funds to pro- 
Tide us with tools, the edifice cannot be reared, or become useful, or 
accomplish the objects expected from it. 

'Allow me last of all to state, that in the proportion in which we 
are supported, — ^in the proportion in which the requisite implements are 
ptot into our hands, or placed within our reach ; — ^in a like proportion 
•nght our exertions to be increased, to accomplish, so far as our abil- 
ities^ aMMhnty, and attention, will enable us to accomplish, the objects in 
view by the establishment of this Institution. And, that we may make a 
foil and adequate return for the confidence placed in UB» and for the sup- 
port which we may receive, let us, as I have previously stated, each and 
•very of us consider and act as if we considered ourselves individually 
responsible for the success of the Institution, and I have no doubt that 
•wr ffforts win be successful. 
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The minutefl of the last General Meeting and of the Council Meet- 
ings haying been read. 

Messrs. Matthew Liddell, Joseph Davidson, Ralph Dixon, and 
William Coulson^ were elected Members of the Institution. 

James A. Longridge, Esq. then read a paper *' on the Action of a 
Jet of Steam, as a Motive Power for the purposes of Ventilation;" after 
which the Meeting was adjourned untU Friday, 5th November. 



THE 



STEAM JET AS A MOTIVE POWER 



FOR THE PURPOSES OF VENTILATION. 



The subject which I have to-day the honour of bringing under your 
notice is one of deep interest and importance^ and as such merits our 
gi^vest consideration. The application of a Jet of Steam as a motive 
power for purposes of ventilation has given rise to considerable discus- 
sion, and the great claims advanced by certain parties on its behalf, 
sanctioned and corroborated as they have lately been by the verdict of a 
I^arliamentary Committee, and its immense value in Mining operations, 
"these claims be well-founded, demand a close investigation on our 
P^. We are met here this day in furtherance of a great object — ^the 
■"fivention of Accidents in Mines, and the Promotion of Mining Science 
^d Art. We have a high and solemn duty to perform, and in its incep- 
^ott let us not forget that in this, as in all other imdertakings, if we 
^ould be successfiil, if we would establish for our proceedings a character 
^yond the discussions of a mere debating society, if we hope to benefit 
our fellow-creatures, we must lay aside all prejudice, and all the harness 
of habit, and, influenced by the love of truth alone, calmly and fairly 
6iamine the pretensions of the advocates and the objections of the 
opponents of the system to which our attention is at this moment so 
lou.dly called. 

It should be at all times an object of interest to men whose pursuits 
are of the nature of those which occupy the gentlemen I am addressing, 
to investigate any new phenomena, or any new application of well-known 
agencies, and how much the more so when the direct bearing of the 
question is upon so momentous a subject as the lives and property of their 
fellow-men, those with whom they are daily and hourly in contact j but 



to do this in a manner satisfactory to an intelligent mind^ it is not suffi- 
cient to listen to a bare recital of unconnected factS; or isolated experi- 
ments upon however large a scale ; instinctively we crave after a more 
intimate knowledge of the principles and laws of action of the agent with 
which we deal; and until we can unravel the intricacies incidental to the 
phenomenon, and lay bare the secret laws, the mind can never rest. 

Actuated, then, by this feeling, I thought that it might be acceptable 
to the society to have laid before it the results of certain experiments 
which have been made with reference, not so immediately to the appli- 
cation, as to the principles and laws of action of a Jet of Steam as com* 
municating motion to air for the purpose of Ventilation. When I 
mentioned to the Council my intention of bringing the subject under the 
notice of the Institute, I hoped to have been able to do so in a much 
more complete manner than I can to-day. I did not anticipate many 
difficulties and anomalies which I have met with, and which have ren- 
dered a multiplication of experiments necessary to an extent which I 
never contemplated, and their discussion a work of more time than I have 
been able to bestow. I must, therefore, crave your indulgence, and beg 
to defer to a future opportunity the production of the formula which I 
trust to establish as the embodiment of the laws of action of the Jet. 

Up to a very late period I still hoped to have carried out my original 
intention, and much of this paper was written under that impression, 
therefore, if it appears to promise more than it performs, you will please 
to bear in mind what was the intention of the writer, and trust to his 
redeeming his promise, at I hope, no distant period. Deeply conscious 
of the imperfect state of this paper to do sufficient justice to the subject, 
and knowing that it is the intention of our President to lay before the 
Institute, at a future meeting, the results of his observations upon the 
Steam Jet ag practically in operation, I trust that I shall not be thought 
presumptuous in thus calling your attention to the subject with the 
knowledge of such intention on the part of one of his great experience. 
I shall have little or nothing to say of upcast or downcast shafts ; of 
mighty streams of air, descending into the bowels of the earth, travelling 
there foi* miles, and again ascending to the realms of light and purity, 
bearing along with them the deadly gases, the miner's invisible but 
fearful foes : I shall describe to you a small and simple apparatus, con- 
structed of wood and of tubes of tin, but I trust that the experiments 
made therewith will not only elucidate the principles upon which the 
operations of ventilation are based, but afford, also, to some extent, 



practical data whereby the Viewer may be guided in designing future 
works on any scale whatsoever. 

The present may then be termed a theoretical investigation of the 
subject; but let me not be misunderstood : a theoretical consideration of 
any question is too often regarded as a mere field for the exercise of abstract 
reasoning and mathematical ingenuity, but of little value to the practical 
man. But theory, it can never be too often repeated^ is in no case at 
variance with practice. It is simply because the theory is not sufficiently 
perfected that the practice of theoretical men has sometimes failed. 

It is because theory is still imperfect that its predictions are not un- 
irequently falsified 3 it is because all the accidents, as they are called in 
logic, are not seen and appreciated as such, because their interferences 
and their combined actions are overlooked, that the theoretical differs 
from the practical result. But this is no reason why the investigator 
should shut the eyes of his mind, and follow blindly and gropingly in the 
footsteps of his predecessors. 

The human intellect is too active, too progressive in its sympathies to 
rest contented with the bare facts of former experience : it struggles on- 
ward, and rests not, and will not, and cannot rest till the intricacies and 
combinations of phenomena are unwound, and the simple laws of nature, 
hi all their extent of reach, and in all their unity, and at the same time 
theh' multiplicity of action, stand revealed in simple and satisfying 
grandeur. 

Least of all, in this our day, should the theorist be taunted with the 
barrenness or the imperfections of his theory. Day by day his know- 
ledge, his insight into the arcana of nature's laws increases, and day by 
day he gains a vantage ground over outward nature, not as has been well 
observed, by compelling her to work in despite of her laws, but by putting 
her into a position such, that by the operations of those laws alone, his 
purpose is accomplished. 

I have already occupied your time too long to go further into this 
question, although I might, perhaps not without profit and interest, point 
to many wonders of construction and art which, but for the theorist, 
might never have existed ; but I will only mention one, which, from its 
magnitude and novelty, may well claim the pre-eminence, even in these 
teeming days of wonders. It was not by following in the footsteps of 
his predecessors, in the trodden tract of conventional practice, that Mr. 
Robert Stephenson designed and successfully executed that magnificent 
work, the Menai Bridge. Here he had no previous practice to guide 
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him^ had he even been disposed to trust to it. Impelled by the necessi- 
ties imposed upon him^ he struck out a new idea; and to give that idea 
reality^ he called to his assistance men of profound theoretic knowledge. 
Step by step they patiently, and under the guidance of theory advanced, 
till from the model of the workshop, they evolved those properties which 
have proved their correctness by the stability and effectiveness of the vast 
structure itself. 

But reverting to the question before us. Before proceeding further, it 
may be well to correct a misapprehension which appears to exist in the 
minds of many, and in none more vividly than in that of the original 
proposer of the Steam Jet as a means of ventilation, with respect to the 
action of the Jet upon the surrounding air. The steam rushing out is 
conceived of as pushing before it the column of air. It is spoken of as 
an impulsive force, as a m a tergo. For instance, Mr. Gurney, in his 
evidence before the Committee of the Lords, on the 23nd of June, 1849, 
when asked to describe the distinction between high and low pressure 
steam, in reference to this effect as a means of ventilation, says : — 

'* The one acts by impulse, or vis a tergo, the other by rarefaction : 
low pressure steam has no momentum of escapage, it escapes compara- 
tively slowly into the air ; high pressure steam escapes with considerable 
force, and when high pressure steam is allowed to escape through certain 
sized openings, it drives a volume of air before it mechanically." Again, 
in another place he says: — "High pressure steam, if placed at the bottom 
of an upcast shaft, has the property of conveying warmth to the co- 
lumn in the shaft, and also that of giving the more powerful action of 
vis a tergo or momentum, by proper arrangement, driving if I may so 
express it, the whole column of air up the shaft "before it. The column 
of air in the shaft being thus driven out, a call is immediately made upon 
the galleries of the mine for a supply to take its place, so that, supposing 
we have a number of Jets, the high pressure Jets force the air in front of 
them and thus leave an exhaustion behind. It may be said to act doubly, 
first as a force pump in front producing compression, and second by draw- 
ing and causing exhaustion." Again, in the last blue book on the sub- 
ject, the production of Mr. Cayley's committee of last session, we find, 
amongst what are therein termed *^ Definitions and Technical Explana- 
tions," a description of the mode of action of the Steam Jet, as follows : — 

" The Steam Jet acts in a manner totally different (from the Fur- 
nace). It is a -mechanical force applied to propel the air through the 
shaft. When a Jet of high pressure steam is blown into an atmosphere 



at a state of rest; it produces a violent disturbance in that fluid. The 
particles of steam are in rapid motion^ and since the first law of motion 
is that a body in motion continues to move for ever^ or imtil stopped by 
somethisg else^ when stopped it communicates its force to the body 
stopping it. The force of the Steam Jet is expended in the air on which 
it strikes and through which it passes^ and this force is applied to the air 
as fnllj as if it were applied to a piston in a steam engine." 

Here; as well as in Mr. Gumey's evidence^ the steam is conceived 

to act somewhat in the manner of a piston driving the air before it; and 

leaving a vacuum behind. But it should be borne in mind that if the 

steam is a piston at all; it is a continuous and self-generating piston^ and 

fills up with its own bulk the space it generates^ so that; as far as the air 

in the mine is concerned; the impulsive force of the steam can have no 

effect upon it; because; being behind the pistou; it cannot get past it so as 

to get in front to be subjected to impulsive action. A partial vacuum is 

indeed induced behind the Jet from a cause which I shall presently 

explain. The amount of this vacuum depends upon the tightness; if I 

may so speak; of the steam pistoU; i,e,, upon the smallness of the ratio 

existing between the area of the shaft or funnel in which the jet actS; 

which may be called the blast pipe; and the area of the jet itself. If the 

blast pipe be nearly the same area as the jet; the result will be a high 

degree of rarefaction behind the jet; amounting; it may bC; even to as 

much as 20 inches of mercury ; but in this case it will be found that the 

dynamical effect as a pull upon the air behind is very insignificant. This 

is easily shown by a simple experiment. If we take a box of the form 

shown as follows, and apply to one end of it a a tube T; closing the 




other end e by a slide or shutter; and if we apply to the end a a 
jet of steam issuing into the tube T; and attach to any other part of 
the box a gauge of mercury; we shall find that if the area of the steam 
jet bears a large ratio to that of the tube t a considerable amount of 
vacuum will be marked by the mercurial gauge in the box. The amount 
of this vacuum we shall afterwards find to be a function of the pressure 



8 

of the steaiQ; and of the ratios of the areas of the jet and tube iiitof 
which it acts. By increasing the pressure or the ratio of the area of thei 
jet to that of the tube, we may obtain a high degree of exhaustion in 
the box, caused not by any impulsive force, but by a peculiar action of 
the steam to be hereafter explained. If now, all things remaining the 
same, the slide be opened, it will immediately be found that the yacutmi 
is destroyed ; but if we place an anemometer in the box, it may possibly 
be scarcely, if at all, effected by the action of the jeti The cause is 
manifest, viz., that the air contained in the box cannot get past the steam 
piston which, perpetually generating itself, fills up the whole tube. In 
order to give motion to the air behind, we must enlarge the tube so as 
to leave room for the air as well as the steam* By this, hotvever, we 
diminish the vacuum, and, consequently, we arrive at this result, that 
the production of a vacuum is as it were the statical effect of the steam 
jet, whilst the ventilating power is the dynamical effect. The two are 
the inverse one of the other. If we increase the one we diminish thd 
other, and vice versa. This seems to have been overlooked by some of 
the advocates of the Steam Jet, who, in claiming for it an almost 
unlimited power for ventilation, allege that exhaustion amounting to 
many inches of mercury has been produced, and therefore they argue 
any amount of ventilation may be obtained. That a great amount of 
ventilation may be obtained is not denied, but the expense of power is, 
as we shall soon see, enormous. 

The ventilating power of the Steam Jet being then, not, as has been 
supposed, derived irom impulsion, we must seek some other explanation* 
It will be found in the friction of the steam rushing through the air with 
great velocity and carrying it along with it. If we have a jet of steam, 
and parallel with it we place a long rod, to which are attsiched filaments 




of silk or other hght material, we shall find that upon bringing the rod 
within a certain distance of the jet, the filaments will start up at right 
angles to the rod, being drawn in by the rush of air towards the jet of 
steam. If now we attach longer filaments, we shall find them bending 
over in the direction of the jet, thus visibly showing the action of the 
jet upon the air. 

A simple experiment, and one which probably has puzzled us all in 
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m younger days, affords a very excellent demonstration of the attrac- 
tive action of a jet of steam on air ; and I mention it the more willinpfly 
because it is an instance of the attractive action overcoming* the impulsive 
force, OP, as Mr. Gumey would say, the vis a tergo. 

To the end of a common quill, or any other short pipe, is attached a 
disc of a few inches diameter, another disc of the same size being pro- 
vided, upon blowing through the pipe and bringing the disc upon it within 
a short distance of the loose disc^ the latter will be raised from the tablci 
will remain suspended so long as the current of air is sustained. 

In this case, it is evident that the vis a tergo would blow the discs 
;, but the direction of the air being changed, it spreads out in a thin 
sheet, and the circumjacent air rushing in towards it, keeps the lower disc 
suspended. 

Having thus pointed out the mode of action of the jet, I proceed 
to investigate the laws which govern it, and the relations which exist 
between the force expended and the effect obtained. In order to compare 
the result with other modes of ventilation, it will be well to reduce the 
same to the effect of one cubic foot of water converted into steam, to 
which standard any other system is easily reducible. The following are 
the elements of the question, each of which may be considered as variable 
in its turn, whilst all the others remain constant : — 

Ist. Pressure of steam applied. 

2nd. Water gauge, or degree of rarefaction of the air drawn by 

the jet. 
drd. Area of jet. 

4th. Area of pipe in which jet plays. 
5th. Length of ditto. 

To investigate the several effects of these variables, I constructed an 
apparatus of the following description : — A deal box, about four feet 
long, with a Byram's anemometer fitted into one end, and at the other a 
brass cylinder of about four inches diameter, with a steam pipe upon which 
to screw the jet's mouth-piece. This steam pipe was about | inch in 
diameter, and was furnished with a reservoir of considerable size, to which 
was attached the pressure gauge. A stop«cock was placed between the 
reservoir and boiler so as to regulate the pressure of the steam passing out 
at the jet at will. To the brass cylinder, within which the jet was fixed, 
were attached tin pipes of various diametera and lengths. These pipes 
Vol. I. B 
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we distinguish by the name of blast pipes. About the centre of the deal 
box two sHdes were placed, working in grooves in the sides of the box, 
and meeting at the middle, so as either entirely to close or to regulate the 
admission of air to the blast pipe. By these slides any required degree 
of dmg upon the air may be obtained, they act as the friction of the aii* 
in the workings. Between these slides and the jet a water gauge was 
placed so as to measure the amount of *^ water gauge." 

Thus the anemometer end of the box represented the down-cast shaft, 
the other end the up-cast shaft, and the slides the resistance of the 
workings.* 

Assuming, then, a certain degree of '^ water gauge," as what is re- 
quired in the colliery (say IJ inches water), what we require to deter- 
mine is : — 

1st. The most advantageous pressure at which to work the steam* 

2nd. The best diameter of jet. 

3rd. With a given jet, the best area and length of blast pipe. 

And lastly, having ascertained the best area and length of blast 
pipe, we must then calculate the expenditure of steam from this jet, and 
so arrive at the effect of a cubio foot of water as steam. 

This apparatus is almost identical with that used by Mr. Vivian, 
and differs from it only in the position t)f the anemometer, which, in his 
experiments was placed between the slides and the jet, and consequently 
registered the expanded air. An account of Mr. Vivian's experiments is 
contained in the blue book of the Lords' Committee of 1849. 

The first series of experiments were made with a view to determine 
the most advantageous length of blast pipe. It is natural to suppose that 
a certain definite proportion should obtain between the diameter of the 
blast pipe and the length, in order to produce the full effect of the steam. 
The jet of steam issuing in the form of an inverted cone, and the motive power 
arising from the friction of that cone upon the circumjacant air, we are led 
to expect that the length of the blast pipe should not exceed the length of 
the cone of steam up to a point at which its diameter is equal to that of 
the blast pipe. It is evident that so soon as the cone becomes equal in 
diameter to the blast pipe, the sides of the blast pipe, if prolonged, will 



* The writer has since had reason to alter the opinion here expressed, as will be 
seen by refbrrin^ to a subsequent page. 
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tien have not only no good but really a prejudical eflfect, firstly, by the 
increased friction, and secondly, by preventing the further expansion of 
the cone which then fills the pipe like a piston, and prevents the free pas- 
sage of the air. So soon, therefore, as the cone of steam touches, or 
nearly touches, the sides of the blast pipe, the function of the latter ceases. 
Experiments were made to determine the best ratio, and the result was 
measured by the exhausting power of a jet of steam in various blast pipes. 
In the first place the Jet was yj^ of an inch in diameter, the blast pipes 
being j inch, 1 inch, 2 inches, 3 inches, and four inches in diameter, the 
pressure of the steam being 20ft)S. per square inch above the atmosphere. 
In each case the greatest exhaustive power was obtained when the length 
of the blast pipe was about eight times the diameter. 

A jet of ^^ was then tried with the same blast pipes, the pressure of 

the steam being about lOBbs. per square inch above the atmosphere. Here 

again the greatest effect was obtained with the same ratio of eight times 

the diameter of the blast pipe. During the progress of the numerous 

experiments, made with different jets and pressures up to 75B)s. per square 

inch, a like result was obtained ; it being found, however, that at very 

high pressures a somewhat increased proportion was less disadvantageous 

than when the pressures were low. Now, it is evident that the exhaustive 

power is the best criterion whereby to determine this ratio, inasmuch as 

when it becomes a maximum it would be detrimental to its action as a 

motive power to increase the length of the blast pipe ; any such increase 

of length being necessarily productive of increased resistance to the body 

of air put in motion. If, then, by increasing the length we diminish the 

exhaustive power, we may certainly, ajbrtiori, conclude that we diminish 

the motive effect. But that we do so diminish the exhaustive power is 

well shewn by the following experiment : — Diameter of jet -^^(^ inch ; 

diameter of blast pipe 1 inch, pressure of steam 10 B)s. 



Length of Blast I 
Pipe in inches 3 

Exhaustion, in ^ 
inches of water 5 


101 


77 


57i 


37 


30 


23^ 


17 


10 


3 


22| 


24^ 


25 


27i 


27i 


28 


28i 


30 


25i 



We may then assume that a length of blast pipe equal to about eight 
times the diameter is the most advantageous, and, as a deduction tbere- 
from, it follows that as far as the mechanical action of the jet of steaui 
is concerned, its most advantageous position is at the top of the u[)cast» 
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It is true that in an upcast shaft, when the jets are at the bottom, we do 
not isolate each jet in a blast pipe, but the effect would doubtless be more 
perfect could we do so, as we should thereby avoid eddies caused by the 
various jets of steam, which in practice, owin^^ to the impossibility of 
obtaming' pai*allelism amongst the jets we cannot avoid ; but apart from 
any such eddies, the whole area of the upcast must be apportioned to the 
number of jets, so that each jet may have the proper fraction of the area 
and no more, and then the whole shaft may be considered as one vast 
blast pipe of great length beyond the jet, and, consequently, a certain loss 
of power results from the friction of the large volume of air and steam 
passing up it. A further disadvantage arises from the condensation of 
the steam which increases the specific gitivity of the column in the upcast. 
How far this is counterbalanced by the gain due to the rarefaction, is a 
question which we will discuss hereafter, our business at present being 
solely with the mechanical action of the steam. 

The next step in oiu* investigation is to examine the effect of varying 
the diameter of the blast pipe. This part of the subject is of more diffi- 
culty. The exhaustive power alone is no longer our criterion. As we 
before stated, we have now the dynamical effect to consider, or rather a 
combination of the statical with the dynamical, inasmuch as we have a 
body of ail* to move, and a degree of exhaustion representing the drag of 
the air to sustain. In practice the amount of this depends greatly upon 
the area of the air passages and the upcast shaft. If these be compara- 
tively small a considerable amount of water gauge will be required, in 
order to give velocity through the contracted areas. If, on the contrary, 
they be large, we may pass large volimies of air with a low degree of 
water gauge. Now, the diameter of the blast pipe must be ruled first by 
the diameter of the jet, and secondly by the degree of water gauge at 
which the air reaches the blast pipe. By diminishing the blast pipe we 
may get almost any amount of water gauge, so long as we shut off the 
access of the air to the blast pipe ^ but the moment the air is admitted 
the water gauge falls, and the quantity of air passed through the appa- 
ratus is most materially affected by the diameter of the blast pipe. Thus 
a very small blast pipe gives a large statical but a low dynamical 
effect. This is a point which seems entirely to have been lost sight 
of by the advocates of the steam jet, who argue that because they 
can obtain a degree of exhaustion equal to a column of several feet of 
water, therefore they can drive or force an illimitable quantity 
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of air through a narrow passage. We admit the premise, but deny the 
conclusion. The following experiment is perfectly conclusive : — ^Wilh a 
jet of ^^ diameter, working in a closed blast pipe of 1 inch diameter, 
and a pressure of steam of 10 B)s., we get an exhaustion of 80 inches of 
water, if now the air be admitted to the back of the jet, the total effect 
is 62 cubic feet of air passed through the blast pipe per minute : that is 
to say, that if the area of an upcast shaft of 8 feet diameter, equal to 
1296 circular inches, be fitted with 1296 jets of the above diameter, and 
the steam be used at 10 fcs. pressure, we could, by closing the downcast, 
create an exhaustion of 30 inches of water in the mine, but on opening 
the downcast we could only get 80,862 cubic feet of air per minute, sup- 
posing the fiiction of the workings to be nil, and this, by the way, with 
an expenditure of steam equal to the evaporation of 12,720 cubic feet of 
water per hour. Such a case could of course never occur in practice, but 
I mention it to give an idea of the incompatibility of very high exhausting 
powers with the transmission of large volumes of air. 

But to return to the question of the effect of varying the diameter of 
the blast pipe. As a first principle, we may lay it down that the larger 
the area of the blast pipe, as compared with the jet, within certain limits, 
the lower will be the water gauge and the greater the quantity of air 
moved. The limit just mentioned is that the diameter of the blast pipe 
shall not exceed the largest diameter of the cone of steam, at a point 
where that steam still retains a velocity equal to the velocity of the air 
passing out of the blast pipe. When, however, as is practically the case 
in ventilation, a certain amount of water gauge is required to overcome 
the friction of the workings, it will be necessary to contract the blast 
pipe to obtain this water gauge. 

The diameter of the blast pipe should also be dependent upon the 
pressure of the steam. If steam be used at a high pressure, a larger blast 
pipe is required to gain the maximum effect. If, for instance, we have a 
jet of yj^ playing in a blast pipe of 1 inch, with a pressure of 6 fcs., we 
may more than treble the effect of that same jet by using a blast pipe 
of 2 inches diameter, but if the steam be used at a pressure of 50 lbs. per 
square inch, in order to treble the effect of the 1 inch blast pipe, we must 
use a blast pipe of upwards of 4 inches diameter. These numbers must 
be taken simply as approximation, and are only mentioned to give definite 
ideas of the mode of action of the steam. 

We will now endeavour to investigate more closely the relations which 



14 

exist between and unite the various elements of the question, viz., the 
quantity of air moved, the water gauge, the diameters of the jet and 
blast pipe, and, lastly, the expenditure of steam. 

If we conceive a pipe of a^iy given area, closed at one end, and at a 
distance of eight times its diameter from the other, a steam jet placed 
concentric with it and playing outwards, we may, by a proper propor- 
tionment of the ai*ea of the jet to that of the pipe, obtain a certain amount 
of vacuum in the closed end ; if now the closed end be opened, the air will 
rush into that partial vacuum with a velocity represented by m" y/h; m 
being a constant, and h the amount of exhaustion measured by the 
amount of water gauge. If, now, the steam jet keeps up the exhaustive 
action, the velocity will continue uniform, and the quantity of air passing 
the blast pipe will be a m ** V^, a being the area of blast pipe. The 
question then resolves itself into the determination of the index of Jt and 
m. Now it is obvious that h is some function of the area of the blast 
pipe, and that the larger we take a the less will be A. Let us therefore 
assume A = ^ (4"). It is further obvious that h being an effect produced 
by the action of a jet of steam, and the action of that jet being a function 
of the area {a) of the jet, and also of the pressure p, we may also say h 
is a function of that area and pressure, or h = ^' (a) (f (p), we have 
therefore A = <f' (a) <f (p) <f (-7). 

In order to obtain practical data whereby to ascertain the nature of 
these functions, and the amount of their co-efficients, a vast number of 
experiments, amounting in the whole to upwards of 3,000 observations, 
were made with the apparatus above described. After proceeding a long 
way with these experiments, and attempting their reduction, several very 
extraordinary and anomalous results were manifested, arising, as was at 
length discovered, from two causes — first, the uncertainty of action of 
the anemometer, and secondly, the leakage into the apparatus, which it 
was almost impossible to avoid. The most minute aperture had a most 
sensible effect upon the amount of water gauge ; and the anemometer, 
though tolerably coiTect at high velocities, yet indicated on several occa- 
sions velocities so far from what must have been the real ones, and at 
low velocities was so uncertain in its action, that recourse was at length 
had to another mode of experimenting. Removing the anemometer and 
the slides, and closing up the box altogether, a series of longitudinal 
openings or ports were made in the top of the box, each about 6 inches 
lono* by \ inch wide. These wei-e closed by slides made perfectly tight 
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with a little red lead, a water gauge was attached as before to the box. 
The mode of experimentiDg was as follows : — The jet being put in action 
at a certain pressure, a certain exhaustion was the result, indicated by 
the rise of the water gauge. This being registered as the absolute ex- 
haustion power of that jet at that pressure. The pressure was increased, 
and the result again noted, until a series of observations were obtained, 
showing the exhaustive power as varying according to the variation of 
pressure. 

In the next place, to ascertain the quantity of air passing through (Jie 
apparatus, the jet was set in action, at various pressui*es from 53)s. up to 
60fi)s., and in each case the slide in the top was opened until the water 
gauge indicated a rarefaction of J inch of water ; the amount of opening of 
the slide was then measured, and from thence the quantity of air passing 
into the box calculated by the ordinary nUes for the motion of elastic 
fluids. 
This was repeated for water gauges of 1 inch, 1^, and 2 inches. 
The experiments were then repeated v^ith the same jet but with blast 
pipes of various diameters and lengths, the latter, however, being found, 
if not very great, to have little effect upon the results. 

The like process was repeated with jets of various sizes, so as to com- 
pare the results of one with another. 

From these observations I trust to be able to establish a formula which 
will represent the power of any jet under any circumstances, but owing 
to the first experiments being vitiated, as above mentioned by the leakage 
and other causes, those which could be depended upon came too late to 
allow me to lay the results before this meeting in such a form as I would 
wish. 

I will at present only lay before you, first a table No. 1, shewing what 
I have before termed the statical effect of the jet, or the absolute amount 
of exhaustive power. I have selected two jets, one of -^^ and another of 
"MAr ^f ^^ ^^^ diameter. Their areas varying as 1 to 10 nearly. The 
exhaustive power of each of these jets were tried in blast pipes of the 
following diameters, |, 1, 2, 2 J, 3, 3 J, 4 inch: and at the pressures of 5, 
10, 20, 40, and 60fcs., and the results recorded in inches of water. We 
may compare the effect of the two jets by comparing the amount of water 
gauge, each produced under like circumstances. I have prepared a table 
(No. 2) shewing this. 
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TABLE No. 1. 

Table sbewing the exhaustive power of two Jets in various sized blast pipes. 



Diameter 
of Jet. 


Dia. 

ofblast 

pipe. 


RaUoof 
areas 

of blast 
pipes. 


Batioof 
area of 

blast 
pipe to 

jet 


Pressure of Steam in lb. per square inch. 





10 


20 


40 


60 




007 


f in. 


0-55 


A 


2-88 


4-37 


7-18 


13-75 


21-00 


Inches of water. 




1 


1-00 


Ai 


1-50 


2-62 


4-56 


8-50 


12-18 






2 


4-00 


sio 


0-40 


0-66 


1-10 


1-97 


2-75 






2* 


6-25 


rh 


untried 


0-47 


0-75 


1-32 


1-88 






3 


9-00 


jifFi 


0-20 


0-31 


0-53 


0-97 


1-32 






8* 


12-25 


3SOO 


0-15 


0-28 


0-44 


0-75 


1-00 






3| 


1500 


SOM 


0-13 


0-22 


0-35 


0-60 


0-82 




0*225 


2 


4-00 


<b 


2-37 


4-50 


8-25 


16-25 


24-00 






2i 


6-25 


Tro 


1-63 


3-13 


5-50 


10-87 


15-50 






3 


9-00 


TB9 


lao 


200 


3-75 


6-87 


10-25 






3i 


12-25 


339 


0-87 


1-63 


2-87 


5-19 


7-63 






3* 


15-00 


Wi 


0-63 


1-12 


2-12 


4-00 


5-87? 




Diameter 
of Jet. 


Dia. 

ofblast 

pipe. 


Batioof 
areas 

ofblast 
pipes. 


Ratio Of 
area of 

blast 
pipe to 

jet 


Pressure of Steam in lb. per square ineh. 


5 


6 


7J 


9i 


10 


12* 


15 


0-225 


1 


0-56 


T^ 


15-20 


1915 


• • . . 


80-00 


. • . • 


. • • • 


. • . • 




1 


1-00 


^ 


9-87 


• • . • 


14-00 


• • • t 


19-00 


23-00 


27-00 



From which it appears that whikt the areas of the jets are as 10 to 1, 
and, consequently, the expenditure of steam in that ratio the exhaustive 
powers, are at low pressures, in a ratio varying between 6 J and 6 to 1, 
and at high pressures, in a ratio varying between 9 and 7 to 1, accbrding 
to the areas of the funnels or blast pipes. The deduction from this is 
that the smaller the diameter of the jet the greater the effect from a 
given volume of water. 
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TABLE No. 2. 

Relative effect of different sized Jets in exhaustive power. 

Area of Jets as 1 to 10. 



Diam. of Blast Pipe. 


^ 


Pressure of Steam. 




5 


10 


20 


40 


60 


f inch. 


1 

6-51 


1 

7-09 


• • 


• • 


• • 


1 inch. 


1 
6-25 


1 
7-23 


• • 


• • 

1 
8-25 


• • 


3 inch. 


1 
5-93 


1 
6-75 


1 

7-60 


1 

8-73 


Z\ inch. 


• • 


1 
6-66 


1 
7-33 


1 
8-24 


1 

8-24 


3 inch. 


1 
5-60 


1 
C-45 


1 
7-07 


1 
7-08 


1 
7-76 


3| inch. 


1 
5-80 


1 
5-82 


1 
G-50 

1 
6*06 


1 
6-92 


1 
7-63 


3{ inch. 


1 

500 


1 
5-10 


1 

6*66 


1 

7*16 



From this table it may aim be seen that the amount of exhaustion 
varies nearly in the mtio of the pressure; and practically it may be as- 
sumed that this is the case. If then the velocity be as the square root of 
tke exhaustive power which ratio it cannot exceed, it follows that the 
quantity of air is as the square root of the pressure. 

It may be farther shown that the exhaustive power varies very nearly 
inversely as the area within the limits of practice, therefore the exhaustive 

power is as the pressure divided by the area, or as — but the velocity 

being as the square root of the exhaustive power we get 

V oc s/-^ 

but volume of air = velocity x area therefore volume of air is as V 
pressure x Varea. 

The assumption that the velocity of the au* rushing into the blast pipe 

being as the ^exhaustion is the most favourable that can be made, the 

probability being that it will be a still lower ratio, but in the absence of 

the true law we will assume the above as the most favourable to the 

Vol. I. c 
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eflfect of the jet ; that is to say, that the air follows into the blast pipe 
with the velocity due to the amount of exhaustion. 

We will now examine the effect of two jets of different areas with a 
view to ascertain their relative economy in practice, and for this purpose 
we will assume the water gauge to be 1} inches of water : that is to say, 
that to overcome the friction of the workings of the mine, an amount of 
exhaustion is required equal to a column of 1| inches of water before any 
motion can take place. It is therefore evident that it will be only the 
excess of the exhaustive power of the jet above this fixed amount that 
will produce the motion of the air. If now we take the jet of yj^ dia- 
meter, pressure of steam, 20Bbs., and try it in various blast pipes, we will 
find that ita maximum motive effect is when the diameter of the blast 
pipe is 1| inch. 

From the table No. 1 we find for this jet and pressure with a blast pipe 
of 1 inch diameter, an exhaustion of 4*56 inches of water, and reducing 
this in the proportion of the ai*ea, we will find the exhaustive power in 
the blast pipe of 1 J inches = 4:'56 x (x^ir)^ = 2*92 inches, therefore 
the effective exhaustion = 2*92 — 1*50 = 1*42 inches, but the quantity 
of air passing at this degree of exhaustion if a be the area, and h the 
water gauge both in inches = 2875 a Vh = 2875 x 1-227 x n/1-42 
= 42 cubic feet per minute hearly, or if we assume the co-efficient of con- 
traction for the entrance of the air into the blast pipe = 0*9 we have the 
quantity of air moved = 42 x . 0*9 c= 37'8 cubic feet per iniriute. 

Now the expenditure of water with this jet may be found from the 
formula No. 1 (a), taking c = 0*9 

Volume of water expended per hour = 1*572 a ^{jp^ — 10*46 j? — ^^63*28) 
when a = area of jet in inches, p = pressure of steam, including pres- 
sure of atmosphere in fcs. per square inch, whence we derive from this jet 
Volume of water expended = 0*1688 cubic feet per hour. 

If now we perform the same calculation with a blast pipe of either 
larger or smaller diameter, we shall find a less effect produced, conse- 
quently, the diameter of 1 J inch under the above circumstances, produces 
the maximum of effect. 

Proceeding in like manner we shall find that with the same jet and 
pressures of steam of 5fcs. and 60Bbs. per square inch, the expenditure of 
water and the quantity of air moved to be as in the following table. The 
results of similar calculations with the jet of a diameter, '225 inches are 
also tabulated, and in the succeeding table they are reduced to the effect 
of one cubic foot of water per hour, in cubic feet of air moved per minute. 
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TABLE No. 3. 



In. 
Jet. Diam. = 0*07 

Blast Pipes. 

In. 
Diam. for 5lb8. — • 0*625 

„ .20,, =1*250 

„ 60 „ =2*110 


Fteuuxe of Steam, 
6ftf. 


Preitare of Steam, 
tofts. 


Preifure of Steam, 
aofte. 


Cubic feet 
of water 

expended 
1^ hour. 


Cubic feet 

of air 

mored ^ 

minute. 


Cubic feet 

of water 

expended 

labour. 


Cubic ftet 

of air 

moved ^ 

minute. 


' Cubic feet 
of water 
expended 
IP* honr. 


Cubic feet 
of air 

mored ^ 
minute. 


0*0672 


11-16. 


01688 


37-8 


0-4182 


100*8 


Jet. I>iam. — 0*225 

Blast Pipes. 

Biam.for 59)8. = 1*750 
„ 20 „ =3*625 
„ 60 „ =5*750 

• 


*6921 

• 


78-3 


1-788 


811 4 


4*307 


801* 



TABLE No. 4 



• 

Volume of Air in 
cable feet per 
nunute, moved by 
the expenditure 
of 1 culiic foot of 
water per hour. 


Diameter of Jet -» 0-07 in. " 


Diameter of Jet >-* 0*295 in. 


Preicure 
5fl>i. 


Preflraire 
20ft8. 


Pressure 

eofts. 


PreMure 
6fti. 


Pressure 
softs. 


Pressure 

eofts. 


165 


224 


241 


113 


179 


186 



Hence again we see the advantage of subdividing the jets and work- 
ing at a higher pressure. The difference between the effect of the ex- 
penditure of a cubic foot of water in the larger jet as steam at 51bs. 
pressure, and in the smaller jet at 601bs. pressure, being as 118 to 844, 
or as 1 to S-1. 

If we now enquire the amount of power required to move a certain 
amount of air, say 120,000 cubic feet per minute, the column in the 
water gauge being, as above, IJ inch, we shall obtain it by dividing 
120,000 by 241, and we find it will require the evaporation of nearly 
500 cubic feet of water per hour, and assuming that lib of coal will 
evaporate 81bs. of water or 7-^lbs. of coal 1 cubic foot, we shall have a 
consumption of 3,9001bs. = 34J cwts'. per hour, nearly = 2894 cubic 
feet of air per minute for each ton of coals in 24 hours. The amount 
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of boiler power to evaporate this quantity of water, allowing 7 feet of 
heating surface per cubic foot of water per hour, will be about 13 boilers, 
each 6 feet diameter and 30 feet long. 

I do not wish the above figures to be taken as absolutely correct, but 
as more favourable towards the steam jet than the actual results would 
otherwise be, as I have based and carried out the calculations upon the 
theoretical velocity of the air (reduced by the high co-efficient of -9) 
rushing into the blast pipe, which can never be attained in practice. 

If, on the other hand, we compare the jet of the diameter 0*225, work- 
ing at a pressure of steam of 51bs. per square inch, we should require, for the 
same amount of ventilation, an exhaustion of fuel more than two-fold. This 
difference in the result, arising from the difference in the mode of {^pli- 
cation, show how difficult it is to compare the results stated in evidence 
with each other, or with any other system of ventilation ; and this emphati- 
cally calls for a thorough investigation of the laws of action of the jet, 
so to enable the practical man to apply it under circumstances to obtain 
the maximum effect from a cubic foot of watd^. 

The results of the table No. 4 are somewliat startling when compared 
with the experiments of Mr* Vivian^ detailed in the Blue Book of the 
Lords' Committee of 1849, and the object of which was to determine 
the actual quantity of air passed through the apparatus in a given time. 
In Mr. Vivian's evidence he states, in answer to question 4357, that the 
highest amount of duty obtained with a jet of i inch area and steam of 
501bs. per square inch and under an exhaustion of Ij^ inch column of 
water gauge, was equal to 35,856 cubic feet per minute for the whole 
power of the boiler; and he also states that the boiler was equal to the 
supply of 36 such jets, therefore for each jet the quantity of air moved 
was ^^^ = 996 cubic feet per minute. Now the expenditure of 
water by such a jet would be by our formula No. I. (a) 

Q = 1-572 X ^ ^ (652 _ 10-46 x 65 - 63-28) = 1-45 cubic feet 

per hour, therefore 
cubic feet of air per minute by the expenditure of 1 cubic foot of water 

per hour 
= ^U — 690 cubic feet 
Now, it will be observed that with one jet of 0*07 diameter, which 
being only about J of the area of Mr. Vivian's jet, is consequently more 
economical in its action, we only get 241 cubic feet of air by 1 cubic 
foot of water, or only about J of the effisct recorded by Mr. Vivian. 
So startling a discrei)ancy led me to a reconsideration of the mode of 
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experimentiiig, adopted, both by Mr. Yivi&n and myself^ and so to the 
perception of a fallacy in our ideas of the action of the apparatus. 

The fallacy consisted in imagining that b<ecause the air I'eached the jet 
in the apparatus under the same degree of rarefaction as in the mine, 
therefore in both cases the jet was doing the same amount of work. It 
is, however, not so. In the apparatus the rarefaction arises solely from 
contracting the orifice for the admission of air to such an extent, that 
whilst the air is passing through the box it is distended to the amoimt of 
water gauge. There m no appreciable friction, and however low the ex- 
haustive power of the jet, a certain amount of air due to that exhaustive 
power will pass through the apparatus. On the other hand, in the mine 
the amount of rarefaction at the bottom of the upcast shaft, Le., the 
height of the water g^uge arises from the friction and resistance of the air 
through the workings, and no air whatever can pass through the blast 
pipes until an amount of rarefaction equal to the amount of water gauge 
is produced, and then the quantity of air passed through will only be 
that due to the excess of the exhaustive power of the jet, above the 
water gauge due to the friction and resistance of the air. It is, conse- 
quently, obvious that in the mine, the jet has an amount of work to do 
widely different from what it has in the apparatus. In the apparatus the 
air has free access to the aperture, and is simply rushing directly into a 
partial vacuum, with no more friction or resistance than it meets with at 
the entrance, but in the mine it arrives at the jet through a long and 
tortuous course, and, consequently, with a large amount of friction and 
resistance. It follows, therefore, that for practical data, the apparatus 
as used by Mr. Vivian and by myself, to ascertain the quantity of air 
actually passing through a mine is quite unsuited, and that to render the 
case analogous to the mine, we must create the colunm of water in the 
water gauge in a similar way, viz., by resistance to the passage of the 
ah*. These remarks do not apply to what I have termed the vacuum 
experiments, or these experiments made to ascertain the absolute amount 
of exhaustive power of each jet. These experiments affording us data 
whereby to find the absolute power given out by the jet; we may deduce 
therefrom the practical maximum of effect obtained by making due 
allowance for the friction and resistance. If, then, it shall appear that 
the maximum theoretical effect is insignificant, we may, a Jbriiori, infer 
that the practical residt, after making the necessary deductions for 
fiiction and imperfect action, will be still less important. Now we know 
that the aii' cannot pass into the blast pipe with a velocity exceeding that 
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due to the amonnt of rarefaction therein; we know, moreover, that the 
friction and resistance in the workings of the mine requires a certain 
amount of water gauge before any motion of the air through them can 
take place ; we further know, from experiments made for the direct pur- 
pose, .what is the maximum amount of exhaustion of a jet at a given 
pressure of steam and in a given blast pipe ; and lastly, we know from 
the laws of motion of elastic fluids, the quantity of air that will pass 
through any given area with a given amount of exhaustion. We are, 
therefore, in a condition to determine the maximum of useful effect, 
though that maximum, may not indeed be obtained in practice, owing to 
improper adaptations or other causes. 

I will not at present go into any further deductions from these experi- 
ments, trusting ere long to give them in a much more complete form, 
and at the same time to enter upon a comparison between the steam jet, 
and other modes of ventilation ; including probably a review of some 
portions of the evidence given before the parliamentary committee of last 
session, and the report founded thereon — a report of which I will only at 
present say, that it possesses the peculiarity of asserting as fact, that 
which' the evidence shews still to be in the domain of opinion. 

Before, however, concluding, I will refer to two points which have 
been much insisted upon by the advocates of the steam jet, as conclusive 
evidence of its superior powers, llie first is its action as applied in the 
locomotive engine for the creation of the large evaporative power of its 
boiler. The second is its action in Seaton Delaval Colliery. 

With respect to the first, I will ascertain the actual amount in volume 
and density of the gases passing through the chimney in a given time, 
and compare this with the actual power expended by the steam, as a jet, 
as it escapes from the blast pipe. For this purpose I take an experiment 
recorded in the last Edition of Tredgold, made on the Caledonian Rail- 
way, on the engme No. 15. 

Here we have the following data : — 

Water evaporated per minute, = 1*4 c. ft. = 40*34 cubic inches per second. 
Coke burnt per minute, s= 9tb, = 0*15 „ „ 

This coke may be assumed to consist of — 

Carbon 92 

Water 5 

Ash 3 

100 
Consequently tbe Cai'bon consumed ptr second = 0*16 x 0*92 = O'ldSIb. 
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^o¥; in the combustion of this carbon^ it combines with oxygen in 

the proportion of 37'661bs. of carbon to lOOlbs. of oxygen ; consequently, 

the quantity of oxygen required = 0-138 x sWs = 0*36lb. of oxygen ; 

bat 1 cubic foot of oxygen at 32° and 14|lbs. per square inch, weighs 

008421b., .-. as 0-0842 : 1 :: 0*36 : 4-27 cubic feet required for 

0'138Ib. of carbon ; but 100 cubic feet of air contains 21 cubic feet of 

oxygen, /. as 21 : 100 : : 4*27 : 20*3 cubic feet of air required for the 

combustion of the 0*15fts. of coke, but as only two thirds of the whole 

quantity of air is consumed, we must have 20 3 x f = 30*46 cubic feet 

of air required per second. We have, therefore, we may say, 30 cubic 

feet of air passing between the grate bars per second, of which 20 cubic 

feet is decomposed, and 10 cubic feet pass off free. 

We will assume the temperature in the chimney to be 600^. 

The yolume of free air = 10 [1 + 0002083 X 600] = 10 X 2*85 = 22-5 s= 22*5 
Bat 20 feet of air contains 15*8 cubic feet nitrogfen and 4*2 ozyg^, and 15*8 ) _ n^.^ 

cnMo feet nitrogen at 600® becomes 158 X 2*26 ^ — oo o 

And 4*2 arygen nnites with caibon and forms 4*2 cubic feet of carb. acid^ ) _. q. 

which at the temperature of 600*» = 4*2 X 2*25 j— »« 

Total yolume of gases per second 67*4 

Mow, in order to ascertain the velocity of these gases through the 
chimney, we must divide the volume by the area of the chimney, reduced 
by a certain co-efficient of contraction. This may be assumed at 0*8 •*. 
reduced area = 1-07 x 0-8 = -856 .-. volume = .^ =. 79 feet per 
second nearly = v. Now, to obtain the mechanical effect of this, we 
have the equation 

H.P. = 0*0095 w k where w = volume of fluid emitted pw second, 
in cubic feet, at the pressure corresponding to the velocity 
^ = pressure corresponding to velocity in inches of water = 0*003 y^ d 
where v = velocity and d = weight of 1 cubic foot of the fluid. 

Now to find d we have — 

lbs. 
10 c. ft. of air unconsumed expanded to 22*3 c. ft., dnd weil^hing' 10 X '0766 i= *7666 
158 „ Nitrogen „ 35*5 „ „ 15*8 X -075 = 1*1920 

*'2 „ Carb. Acid Gas „ 94 „ „ 4-2x0*117= *4914 

67*4 2-45 



/. d = 1^1 = 0*0363 

/. h == -003 X 792 X •0363 = 0*67965 
/. H.p. = -0095 + 67*4 X 0*67965 = *4352 

But the force expended is the whole steam passing through the blast pipe, 
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and supposing the average pressure to be 41bs., the relative volume = 
1411 .% the volume of steam per second = V^ ^ ^^^ = 32 9 and the 
area of blast pipe being y^ = O'll square feet, we get velocitj. of exit 
= i^i = 300 nearly. 

But d = i^fcs. /. h = -003 X 3002 x ^^ = 12 

/. H.p. = -0095 X 32-9 X 12 = 3750 

,% effect produced : force expended : : '4362 : 3*750 

:: 11-6 : lOO 

But if we compare the result with the actual quantity of steam expended, 
we find that the effect of an evaporating power of 84 cubic feet of water 
per hour gives 674 x 60 = 4044 cubic feet of gases in their expanded 
state passed through the chimney per minute, or 1800 cubic feet before 
expansion; and if we allow for the difference of density as compared 
with atmospheric air, and take the temperature at 62°, which makes the 
thing analogous to. th^ ventilation of a mine, we get 3040 cubic feet of 
air passed per minute by the expendifiure of 84 cubic feet of steam per 
hour, or 36J cubic feet of air per minute for 1 cubic foot of water per 
hour. 

As another instance, I take an experiment recorded in the report of 
the Gauge Commissioners, and made by Mr. Gooch, on the Great 
Western Eailway. 

Here we have— r 

"Water evaporated per hour 196 cubic feet. 

And allowing lib. of coke to 71bs. of water — 

Coke consumed per second = '^^§||^ = 0-4861bs. 

And going through the calculation in the same way as in the last case, 
we find the result to be equivalent to 9849 cubic feet of air passed through 
the chimney, or as we may call it, the upcast, by the expenditure of 196 
cubic feet of water per hour = 50 J cubic feet of air for 1 cubic foot of 
water evaporated per hour. By comparing these results with those given 
in Table No. 4, and assuming that the resistance to the air passing 
through the fire grate and tubes in the locomotive engine is equal to 
IJin. water gauge, and corresponding, therefore, to the resistance of the 
mine, we see that the one is in round numbers only l-7th, and the other 
l-5th, of the effect of the same quantity of water expended in a jet of 
yj^inch diameter, a result for which we are of course fully prepared by 
what has been previously stated, and arising from the low pressure of 
the steam and the large size of the jet. The proportion, then, between 
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the power expended and the effect produced in the locomotive engine, ia 
enormously nn&voiirable; and it is only surprising that this application 
of the jet should ever have been used as an argument in its favour. 

If some gentlemen^ before giving their evidence; would go into a few 
simple calculations of the above nature, they would spare the nation some 
expense in printings and would prevent much really useful information 
being consigned to that literary tomb of all the Capulets, a parliamentary 
blue book. 

We will now go to Seaton Delaval Colliery, and try to discover in 
how far the result of the application of the jet there warrants the en- 
comiums bestowed upon it. We find there the steam is applied in 25 jets, 
each § inch diameter; therefore, the aggregate amount = 276 inches. 

Taking the data from the trial recorded in Mr. Thomas John Taylor's 
evidence in 1849, we have the consumption of coal to supply the jets alone 

4 cwt. per hour, and allowing 10fi>s. of coal to 1 cubic foot of water we 
would get an evaporation of 44*8 cubic feet per hour. 

The boiler is stated by Mr. Forster to be about 28 feet long and 6 feet 
wide. If this be the case, it is probable that both boilers were used in 
Mr. Taylor's experiments, as the above evaporation considerably exceeds 
that of one such boiler, being about one cubic foot of water per hour, per 

5 feet of heating surface. The average evaporation of one such boiler 
would be about 32 cubic feet per hour, but for our present purposes, we 
will assume that 45 cubic feet per hour passed through the jets. Taking, 
then, the formula No. 1 a. based upon Pambour's formula for relative 
volumes, and taking the co-efficient for contraction at 0*9 we get 

45 = 1-572 X 276 V(p»- 10-46 1? - 63-28) 

whence we find p = 19-321bs. '^ square inch. 
And this being the absolute pressure, we must deduct the atmospheric re- 
sistance, or 14*75, and .we find the effective pressure = 4'571bs. ; conse- 
quently, even with the evaporation of 45 cubic feet per hour, the steam 
could not issue firom the jets with JEm effective pressure of more than 4*57 
lbs. per square inch, and the result, as an impulsive power at that pressure, 
must have been very insignificant. Had one boiler only been used with 
an evaporative power of 32 cubic feet per hour, the pressui*e of the steam 
would not have exceeded 2§lbs. per square inch above the atmosphere. 

But, admitting that the steam issued firom the jets with a velocity due 

to a pressure of 51bs., and admitting further, which, however, is not the 

case, that the steam was as economically applied in the g jets, as in the 

larger jet of table No. 4, we will find that assuming that the firiction of 
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NEWCASTLE-ON-TYNE. 

Nicholas Wood, Esq., Pbesident of the Institute, in the Chaib. 

The Minutes of the last General Meeting and of the Coimcil Meet- 
ings haying been read. 

Messrs. George Baker Forster, James B. Wilson, John Bromley 
Poord, Charles Mark Palmer, C. M, Bell, and Richard Heckles were elec- 
ted members of the Institution. 

The commencement of a Paper, by Thomas John Taylor, Esq., enti* 
tied " Proofs of the subsistence of the Fire Damp of Coal Mines in a 
high state of Tension in sit{l, and practical conclusions to be deduced 
from this circumstance," was read, after which the Meeting was adjourned* 

N.B. The conclusion of Mr. Thomas John TayWs Paper having 
been read at the Monthly Meeting, August 6th, 1853, it is printed with 
the proceedings of that month» 
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MONTHLY MEETING, MONDAY, 13th DEC, 1852, IN THE LECTUBJB 
ROOM OF THE LITERAEY AND PHILOSOPHICAL SOCIETY, 

NEWCASTLE-ON-TYNE. 

Nicholas Wood, Esq., Pbesidekt op the Institute, in theChaib. 

The minutes of the last General Meeting and of the Council Meet- 
ings haying been re^d, 

Messrs. Thomas Wynne, Jas. Dickenson, Wm. Liancaster, Charles 
Morton, and Herbert Macworth were elected Honorary Members of the 
Institution, and Messrs Hobert G. Reed, Wm. Peace, Jno. Thos. Wood- 
house, Jno. Brough Palmer, George Ghreen, and John Cames, were elect- 
ed Ordinary Members. 

A Paper, entitled "Experiments to determine the relative value of 
the Furnace and Steam Jet as Ventilating Powers," was read by William 
Armstrong, Esq. ; and the commencement of a Paper entitled " Experi- 
ments on the relative value of the Furnace and Steam Jet in the Venti- 
lation of Coal Mines" was read by the President. 

Among the strangers present were the following Inspectors of Coal 
Mines, namely, Mr. Wynne, for Staffordshire; Mr. Dickenson, for Larica^ 
shire ; Mr. Mackworth, for South Wales, and Mr. Mathias Dunn, for the 
Northern District. 

After the papers had been read, the President observed that the 
length of time which had been occupied in reading them, rendered it 
necessary that they should defer the general discussion imtil the next 
xneetmg (XT the Institute ; but, as the goyemment Inspectors present might 



<not have an opportunity of attending on that occasion, it was desirable 
they should now afford the Institate the benefit of any observations or 
suggestions they might be disposed to offer. 

Mb. Dickenson. — Goyemment Inspectorfor the Lancashire District, 
said, — ^There is only one point to which I think it necessary to refer. I 
have been in communication >nth Mr DarHngton, who has been conduct- 
ing a series of experiments, and I belieye unless the Hetton experiments 
are conducted in the same satisfactory manner, they will not receive that 
attention with the advocates of the Jet, that the KQlingworth experiments 
cannot fail to do. 

The Pbesident.— I am very much obliged to you for the hint, and 
I will take care to attend to it. 

Mb. Dickenson. — ^The experiments at Killingworth appear to be 
.quite conclusive, and I think if those at Hetton are carried out in the 
same way, they will give satisfaction to every one. Mr Gumey himself 
could not I think object to them. 

The Pbjssident. — I will take care that all those experiments are 
.carried out before the next meeting of the Institute. 

Mb. Dickenson. — I would also suggest the use of Cylinders, which^ 
if adopted, would render the experiments stiU more satisfactory. 

The Pbesident. — ^What size Cylinders would you recommend ? 

Mb. Dickenson. — ^Mr Darlington made use of Tubes of from ten 
inches to one foot in diameter; the distance of those tubes being 15 inches 
above or in front of the Jets, according to whether the Jets were placed 
in a verticle or horizontal position. Mr Darlington made experiments at 
the Cannel Pits, as well as at Pemberton's ; but those at the Cannel Pits 
were not so satisfactory as the others. 

Mb. M. Dunn. — ^Was Mr Darlington satisfied with the result of his 
experiments ? 

Mr. Dickenson. — ^Yes, I am enabled to give you the result of Mr. 
paxlington's experiments at P^mberton's Pit, There the amowt of 1jh» 



Tiutoal Ventilation, and of the Boiler Fires was i27120 cubic fee:t per 
loinnte: anotber experiment made at the same time gave 28140 cubic 
%t, bdng an ayeiage in the two caaes of 27630 cubic feet per minute. 
With nine Steam Jetis at work, and using tubes about one foot in diame- 
ter, placed 15 inches in advance of the Jets, 87350 cubic feet per minute 
were produced in one experiment, and in another, 36030 cubic feett being 
an ayerage of 36690 cubic feet per minute ; shewing an increase £:om the 
use of the Jets of 9060 cubic feet. The bore of these Jets was about 
three-eighths of an inch^ 



Ms. Thoh^ JoHif Taylob.— Were the Je(ts tried without i&e 

•cylinders? 



I . » ; - » • •. 1*1 • ■ ''< 



Mr. Dickenson. — ^No« Mr. Darlington was of opinion that without 
eylindersi the result of the efpenm^ts would not Jbe of any use* 

Tee Pbesident.— Did jou try any expeiiments witii the Furnace 
an^ ^e Jets a;Pting togethej:? 

Mn. Dickenson. — ^Yes with.ljie Furnaces and Boiler Fire^ together 
"^6 gQt in one case 36930 cubic feet per minute, and in another case 
?7,990; being an ayei^age in the two cases of 374X0 cubic feet per 
^^Ute, or yery little more thw with the Jets. In that case the tubes 
'CDBtructed the air-way ye^y much, and one e;sperimen,t gaye with the 
^oniaces alone a decrease in the amount of yentilation as compared 
^ the Jets, idtbough the water-guage shewed an increase of firom 
^e and one-tenth to one and four-tenths. Thus, there was a dimin- 
wnea qnantily of ftir ^Tfitih t^i increase of the water-guage ; which 
%^e,d that there w:as an obstruction of the air i^t some point, or that 
tnere ym a scale ci air that must haye befiii missed. 
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1^ Peesident. — ^What was the amount of air which went through 

^B. Dickenson. — I am not sure upon that point. Mr. Wynne and 
"'• Mackworth, I belieye, haye doubts upon it also. There were two 
^"^ doors by the side of the Furnace, and I am not quite sure the air 
™^ not escape in that way. The area of these doors would be about 
®glt gqaare feet— each being about 2 feet by 2 feet. The Cylinders 
^'^ be about a foot in 'diameter. The experiments made at the 
^^^'^ pits, as I said before, were not so satis&ctory. 



Mb. Wynne. — If those two doors were open there would only l)c 
about 15 feet area for the air to pass through into the Shaft. The Jets 
were placed across the Furnace drift, ^d there was a wall biiilt to jplac^ 
the Jets in. 



The Pbesident. — ^The fact would be that the air passing througb 
the cylinders would be more obstructed than if the cylinder^ were not 
there. 

Me. Wynne. — ^Yes there would be ftfll one-half of the drift taUk^ 
up by the wall to inclose the cylinders. 

Me. Dickenson. — In the Cannel coal pits the Jets Were placed in « 
different way ; they were placed at one side, at an angle of about 15 de- 
grees. The shaft was in bad order, and falling stones prevented the Jets 
from being placed in a vertical position. There were three splits of air, 
one split coming through the boiler fires. With the boiler fires we got 
26*446 cubic feet per minute ; with a temperature in the upcast of 11 5o 
and in the downcast of 48^ ; the water-guage being at nine-tentha. 
With the steam Jets and the boiler fires together at work, we got in one 
experiment 33531 cubic feet per minute, and in another experiment 
35122 cubic feet. The temperature of the upcast had decreased down 
to 106® ; but whether that was owing to the increased quantity of liir 
going through or not I cannot tell — ^the temperature of the downcast 
remaining the same. The water-guage had increased to one and one- 
tenth. Taking the maximmn, the result gives an increase of 8676 cubic 
feet per minute over the engine fires. With the Furnace and boiler fires 
together we got in one experiment 46354 cuhic feet ; and in another, 
44805 cubic feet per minute ; the temperature of the upcast having 
increased to 191°. The downcast was at 45°, and the water-guage had 
increased to 2 inches. The maximum increase by the addition of the 
Furnace was 19908 cubic feet per minute. Then we put the Jets, the 
Boiler fires, and the Furnace to work together ; and whether owing to 
the Jets being placed in the way they were, or any other cause, the 
temperature diminished down to 140<>, the ventilation fell off to 39060 
cubic feet, and the water-guage to one inch and a half. Mr. Darlington 
did not consider that the Jets in these experiments were placed in fh^ 
best position. 



1'he P&esibeki. — ^With respect to what Mr. Dickenson has said 
skbout Jets alone, and Jets in combination with cylinders, I may giye you 
the results of the experiments which were made at Killingworth. The 
cylinders were placed at the bottom of the pit. With twenty-nine cylin- 
ders, each 6 feet long and 11 inches diameter, we made two experiments, 
in one of which, with a temperature of 104^ we got 34314 cubic feet 
per minute; and in the other, with a temperature of 106<> we got 35523 
cubic feet per minute. This was with the cylinders on. Then the cylin- 
ders were taken off; and, in about one quarter of an hour, the same 
circumstances being kept up, the temperature in the shaft was 108°, and 
t]ie quantity of air was exactly the same as with the cylinders on, namely, 
35347 feet per minute. So that, in this case, there was certainly 
no increase of effect from the use of the cylinders. Notwithstanding, I 
^ take care the experiments are properly carried out at Hetton, both 
^th cylinders and without them. 

Mr. Mackwobih. — ^I, of course, take a deep interest in this ques- 
tion, and I have listened with great attention to the very excellent papers 
vMch have been read. Steam Jets were introduced into South Wales 
for the purpose of ventilation, in the year 1828. Since that time con- 
querable advances have been made; and the principles of ventilation 
^^6 formed the subject of an inquiry by a committee of the House of 
•'^^^. Mr. Vivian also instituted a series of experiments, the general 
'^^t of which was condemnatory of the Jet. No experiments but those 
that were carefully made by practical and scientific men could prove satis- 
^ctoiy; and therefore I have been extremely happy to have had an 
^portunity of witnessing the experiments made by Mr. Wood. The 
^RJect is much more likely to be properly investigated in the hands of 
^Uiery Viewers than in those of strangers to the practical working and 
^P^ration of the mine below the surface ; and until the system of Steam 
J^ts iiag been shewn to be superior in effective ventilation to that in 
general use in the collieries of this district, I think the owners are 
^lit in adhering to the latter. I cannot express my satisfaction and 
S^titude at the liberality and generosity displayed by Mr. Wood, in 
^^dertaking the elaborate series of experiments upon which he is now 
^^gaged, and for his having repeated those experiments in the presence 
^* other gentlemen interested in the investigation. At the same time I 
^^ht to express my thanks for the honour of being elected a member of 
^ Institut©. J am proud to think that I am associated with gentlemen 
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of such emineixce in their prolfeaa^idir-^^genflemen Siis6ngijaake& idiKe fer" 
ihdr screuti&i attainments ana :ptadtical skill, £or in no p^ ^the worls 
are such qimlities so abnnctenVas in this district. Now that i&e mosi( 
eminent Tiewers have nndertaken the inyestigation oi^ thissahjecty we m^ 
be certain ot arriving at a satisfactory result. When the experiments aife 
fiiDy earned bxA in t^ie way i^|g^e«fted,,it may Vt~f^ely, affiled ifi^ no 
inVentioDL brongiit before ilLit^'ffm^^pit^^ 
giyeiQi to it such a complete and satisikctory trial. ' ; / 
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Ittx. Wynne.— I would only »i.y that I c6nsidier it a very high honour 
hiAving been elected a member of tEiis Listitute. I beg to lihcmk 
fou ; and as I can say but little about the Ventilation of my own district 
to recommend it, the less t say the better. I will try to improve it. 

The Pbesident. — I am sure we all feel higUy indebted' to these 
gentlemen for their presence this day, and we are also much obliged to 
them for the information they have given us. It may appear somewhat 
strange — ^the &ct did not recur to my memory until I was reinihSed of ii 
a short lime ago— that the introduction of the Sitieam Jiet in Wales, in the 
year 1828, was in a colliery which was at that time under my own' 
management. . A man of considerable ingenuity a^^ natursQ' gemna,' af 
^e namiB of Stewart, who was sent by me from itillmffwor& ^^^Skk 
charge of the Colliery, made rarious experiments with^the Jet, fatWi 
purpose of ventilating the.inine« bui'the system was not then founA t(v 
answer, and it was consequently abandoned. 
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FURNACE AND STEAM VENTILATION 

IN COAL MINES. 



Thb subject of the Ventilation of Coal Mines has recently taken a 
great hold of pnblic attention. According to the statements of the Go- 
Temment Inspectors of Coal Mines, the number of individuals who have lost 
their lives by explosions in Coal Mines since November, 1850, amounted 
to the awful average of 250 persons annually. 

The very statement of such a fearful fact sufficiently accounts for 
the excitement of the public, — justifies the enquiries which Parliament 
has thought proper at various times to institute, for the purpose of ascer- 
taining if it is practicable to devise any means to obviate, alleviate, or 
prevent the occurrence of such dreadful calamities ; and calls loudly 
upon all those who are interested, either in the management of Mines, 
in the success of Mining operations, or from feelings of humanity, to exert 
the utmost of their endeavours and means in the promotion of such mea- 
sures as may most effectually accomplish so desirable an object. 

It would, however, be misleading the public if it is expected that 
an improved mode, or any improved modes of Ventilation could alone ac- 
complish such a desideratum, or could ensure perfect safety. It might 
lead to a fiJse security, the dependance on which alone might produce the 
very evil which it is intended to remedy. Still the public have had it re- 
presented to them so assiduously, — so strongly, — ^and apparently, so con- 
clusively, that most, if not all the explosions which occur are attributable 
to defectiTe Ventilation ; that the time has arrived when the whole ques- 
tion most be gone into, in such a manner as to present to the public some 
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conclusive data as to the causes of such accidents — the means which have 
been taken, or which are now in operation to afford security or safety; 
and also to investigate in a sound, practical, and scientific manner, whe- 
ther any and what measures can be devised to prevent the recurrence of 
such lamentable calamities. 

I need not point out to my professional brethren, but I may be 
allowed to point out to those associated with us in promoting all that can 
in any way tend to the prevention of such accidents, and to the public in 
general ; that the improvement of Ventilation, or increasing the ventilating 
powers of a Mine, is only one of the many requisites in the practice of Coal 
Mining, which are necessary to ensure safety or security from explosions. 
There are a great many other operations, of almost, if not quite, of equal 
importance to a good Ventilation to be attended to, or carried into effect, 
to render a Mine even comparatively safe ; and therefore the entire subject 
is a most complicated one, and one which requires the utmost care and 
caution in its investigation and adoption. 

There is no doubt that all those other requisites have been well 
considered, and have become the subject of investigation, research, and 
practical adoption by individual members of the Institute, and we may 
hope that those researches, and the result of their practical experience, 
will be brought before the Institution in such a manner as that the united 
practical knowledge of the Institute will be made to bear upon their 
consideration and investigation, and that no exertions which are within 
the powers and capacity of the Institution will be wanting to arrive at 
measures which may best accomplish the object it is so desirable should be 
attained. 

Without, however, depreciating the importance of the other re- 
quisites necessary to complete the security of a Coal Mine, it is no doubt 
a first and important step to attain as powerful a Ventilation as possible. 
And as I have already stated, so very important has this been considered 
by the public in general, and by almost all the non-professional writers 
on the subject, that an almost universal concurrence has been established, 
that the oiAj panacea for the prevention of accidents in Mines is Ventilation. 

This has been much fostered by the results of the labours of the 
several Committees of the Houses of Lords and Commons who have in- 
variably laid great and predominent stress on better and complete Van- 



tilation of the Mines. And this feeling has been recently more intensely 
excited by the Report of the Committee of the House of Commons, which 
sat in the spring of 1852. That Committee stated, in allusion to the 
labours of all those who preceded them [viz : to the several Reports of the 
Lords and Commons, to the Reports of the Inspectors and others,] that all 
their Reports leaned to the conclusion, that " increased Ventilation was the 
only true and secure means for the prevention of accidents." And the 
committee themselves state as their conclusion " that a generally increased 
Ventilation is the truest security against explosions." 

The committee further state as their opinion, " that any system 
of Ventilation depending on complicated machinery is unadvisable, since 
imder any disarrangement or fracture of its parts, the Ventilation is stop- 
ped, or becomes less efficient." 

And this committee, having received such evidence as appeared to 
tkem conclusive, reported as follows : — " Your committee are unanimously 
of opinion that the Steam Jet is the most powerful, and at the same time 
tiie least expensive method for the Ventilation of Mines." And, (after 
alluding to the destruction of life by the "After- damp," in cases of 
explosion,) they add, — Your committee are unanimously of opinion that 
the primary object should be to prevent the explosions themselves ; and 
uiat if human means (as far as is known) can avail to prevent them, it is 
bj the Steam Jet system as applied by Mr. Forster : although even in such 
^J^se it might be prudent, in a Mine especially fierj', to add an inexpensive 
Steam Jet apparatus at the top of the downcast, as a means in reserve in 
^^ of explosion from neglect or otherwise." 

Having been examined before that committee, and having given 
evidence, and expressed an opinion that the relative merits of the powers 
of the Furnace and of the Steam Jet, as producing Ventilation of Coal 
lilies had not been sufficiently tested; I stated to the committee that I 
^*8 then engaged in making preparations for testing their comparative 
Merits, and that it was my intention to institute a set of experiments to 
determine, if possible, their relative merits. 

Considering that it was a proper subject of enquiry, or indeed, an 
^quiry incumbent upon some member of the profession, to conduct such 
* set of experiments as would, in a practical manner, determine the relative 
Merits of what the committee call the " rival powers," and having made 



8Qch a pledge to the committee, I have at the Hetton, Eillingworthy and 
Tjne Main Collieres, made a series of experiments to develope their 
relative powers, which I now have the honour to lay hefore the Institution. 

I may here, however, premise, that it is not altogether a question 
of rivalry hetween Furnace power and the power of the Steam Jet, the 
question extends itself to, whether the Steam Jet can he heneficially applied 
to the Ventilation of Coal Mines, either as a substitute for the Furnace — 
as an auxiliary to the Furnace-— or, if it can in any way be adopted to 
prevent or assist in preventing the recurrence of explosions in Coal 
Mines, or to render the Mines more safe. It is in this point of view 
that I have placed the subject before me for investigation, and not as an 
advocate for, or opponent o^ one system or the other ; and I must leave to 
the Institution and to the public in general, to determine whether the 
investigation has been conducted in such a manner as to fairly, impartially, 
satisfactorily, and conclusively, test the relative merits of the two systems, 
both separately, and in connection with each other, and whether I am 
justified in the conclusions to which I have arrived. I can only add, that 
if I have failed, it has not arisen from a want of inclination or determina- 
tion to conduct the investigation impartially and conclusively, but from a 
want of ability to do so. 

With these observations I shall now proceed to lay before you the 
result of my investigation. In the first place, however, it is necessary to 
state that I found in the course of such investigation, and in the prosecu- 
tion of the requisite experiments, that it was necessary, in order to test, 
in a practical manner, the relative merits of the two systems, to enter, in 
the first place, into the principles of each system in all their bearings; then 
to ascertain their relative practical effect of producing Ventilation in Mines. 
And to arrive at a satisfactory conclusion, I have found it also necessary 
to investigate and determine the resistance opposed to the moving power 
of each system in the practical operation of Mine Ventilation. 

I shall, therefore, first of all, enter upon a short investigation of the 
principles and laws which govern the moving power of the Furnace^ as a 
Ventilating force ; next, a similar investigation of the principles, and 
moving power, and laws which govern the action of the Steam Jet. I shall 
then enter into an investigation of the laws which govern, and the amount 
of the various resistances opposed to such moving forces, and which it is 
requisite to overcome, in order to produce a certain standard of Ventilation* 



I shall then give^ in detail^ the numerous experiments which I hare found 
it necessary to make, in order to ascertain the practical effect of each 
system ; and, lastly, determine the practical result and efficiency of each 
system, in the Ventilation of Coal Mines. 
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The experiments have been made on Mines almost as extensive as 
asj in the kingdom, and in a manner, and of a magnitude, to test the 
pnctical effect of the two systems, as applied to Ventilation on a large 
scale. I have, however, found the subject branch off into so many rami- 
fications which all required investigation, that I found mj professional 
^^igigements would not allow me that time to pursue them, to such an 
ti^t, at least, as I could have wished. I shall, however, take the liberty 
of pKsenting to you what I have done, and which I trust will not be found 
withoVt interest, if not conclusive on the subject. Other gentlemen, I find, 
are also\vigaged in similar investigations, and are making experiments in 
other collieries, on the comparative merits of the two systems^ which will 
ilso be laid before the Institution. 

When all these, and probably others which may arise out of the 
further invest^ation of this important subject shall have been laid before 
yon, I trust thl,.t the Institute will be possessed of a mass of information 
onasttbjectofe[aquiry of infinite importance to the mining interest of the 
Strict, and, indeed, to the nation at large ; out of which we may trust 
ftat something oaay be elicited, which may alleviate, if not avert some of 
those dreadful calamities which have so often produced such distress in 
the coal mining districts of the kingdom* 

With these further observations, I shall now proceed to the in- 
vestigation of the principles and powers of the Furnace, as a means of 
producing Ventilation of Coal Mines. 



DESCRIPTION OF FURNACES USED IN VENTILATION. 



The period when the Furnace was first used as a means of Ven- 
tilation of Coal Mines, cannot be correctly traced. It is stated that Mr. 
Kewald, of Sweden, in the year 1740, and Mr. Jars, in 1760, both en- 
^^voured to elucidate the art of Ventilating of Mines. The latter laying 
^^>wn principles and explaining Natural Ventilation, [which it is said was 
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then little understood^ and suggested a small Furnace at the top of the 
pit; with a chimney to aid the Natural Ventilation. 

This appears to have been the first mode adopted of producing 
artificial Ventilation. The top of the upcast shaft was closed up^ a chim- 
ney, hollow shaft, or tube, (as it was called,) was built at a little distance 
from the pit, to a height varying from 30 to 60 feet or upwards, according 
as a more or less powerful Ventilation was required, with a covered pas- 
sage between the top of the pit and the bottom of the tube. A large fire 
or Furnace was placed in this drift or passage near the bottom of the tube, 
— the rarifying power of which, together with the effect of the heated air 
in the shaft, produced the Ventilation. A side drift, or covered passage, 
was also required for the purpose of obtaining access to the B'umace ; and 
into which were placed two doors, so that in passing to the Furnace one of 
these should be constantly shut, in order to prevent the intrusion of the 
outer air to the heated air of the shaft. 

Fig. 1, Plate I. represents a sketch of this mode of Furnace Ven- 
tilation. A the pit or shaft, B the covered way or drift, the chimney 
or tube, and F the fire or Furnace. 

This description of Furnace appears to have been used for a long 
period, as we find at some of the old collieries, remains of the chimneys 
standing to this day. The last used in the neighbourhood of Newcastle 
was at the Felling colliery, and which was in use when an explosion 
took place on the 26th of May, 1812, by which 92 men and boys were 
killed. 

It will be observed that this mode of Ventilation could only be 
used where the upcast shaft was closed up, thus rendering it inapplicable 
for the drawing of coals. 

This mode gave way to the application of the fire or Furnace being 
placed at the bottom, or near the bottom of the upcast shaft, which, 
operating on the air in the entire length of the shaft, was so much the 
more efficient, as the depth of the shaft was greater than the height of 
the chimney or tube. 

Figs. 3, 4, 5, 6, and 7, Plate I., represent modem Furnaces, being a 
representation of the Furnaces of Hetton colliery, where the experiments 



hereinafter described were made, and which will be more particularly 
described when the experiments are given. 

This description of Furnace or Furnaces are generally placed at a 
distance of 30 or 40 yards from the bottom of the pit, so that the flashes 
of flame, when fresh coals are put on, should not reach the shaft, or that 
ihe flame should be distributed, or mixed with the air, before it reaches 
the shaft. The drift for the passage of the air from the Furnace to the 
shaft is always, especially in deep shafts, made to rise at an angle of 30 to 
45 degrees. In more shallow shafts, it may be more advisable, if it can be 
done, to place the Furnace as near the bottom of the shaft as possible, so 
that the greatest length of column of heated air should be obtained. 

The above may be taken as the general form of Furnace used in 
Furnace Ventilation ; they may be varied in width, the form of the arch^ 
and in some other respects, but the mode in which the Furnace is made 
to operate is in all the same, viz., to pass the air of the mine over the fire, 
ind so to raise it to as high a temperature as possible. 



PRINCIPLES OF ACTION OF THE FURNACE. 



The mode of application of the Furnace is therefore very apparent, 
but as I shall have, in order to compare its relative merits with the Steam 
Jet, to go very minutely into, not only its principle of action, but its 
practical effect in producing Ventilation, it will be requisite that I should 
explain in detail the manner in which the Furnace acts in the production 
<>f a current of air around the workings of a Coal Mine. 

Supposing two shafts A and B, Fig. 2, Plate I., of equal depth, with 
ft communcation between them at the bottom, by a drift or passage C. If 
these two shafts and the drift C were filled with air of precisely the same 
^perature and density, the air would remain stagnant, there would be 
Jio curre;it. But, suppose by any means heat is imparted to the air in one 
of them, say in B, then the equilibrium will be destroyed ; the effect of the 
Aeat in B will be to expand the air in that shaft, to render it specifically 
^hter than the column in A, and consequently if their is an open passage 
** C, the heavier column of A pressing upon the lighter column of B will 
force it upwards, and produce a current of air along the passage C, in the 
^tion of the arrow. 
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And if the heat imparted to the air in the shaft B he continuonslj 
kept up, by, for instance, a fire or Furnace placed at F, over which the air 
from A should pass, then a continuous current of air will be kept up ; 
down the downcast A, along the passage C, and up the upcast B, 

And, if we suppose, instead of the drift or passage C being a drifib 
simply between the bottom of the two shafts, that it is extended so as to 
form a variety of drifts ; or in fact, to comprise the workings of a colliery, 
then we have an illustration, or representation of the whole action of the 
Furnace in producing the Ventilation of a Ooal Mine. 

This, then, is the entire principle of action of" Furnace Ventilation;" 
a fire or Furnace, or in some cases two or three Furnaces are placed at 
or near the bottom of the upcast shaft, over which the air that passes 
down the downcast shaft and around the workings is conveyed ; and which, 
being heated by such Furnace or Furnaces, passes into the upcast shaft, and 
thus constitutes a column of air of less density than the column in the 
downcast shaft ; and the column of heavy air in the downcast pressing 
through the medium of the column of air around the workings, upon the 
lighter column of the upcast, so produces a continuous current of air 
through the mine of greater or less velocity, as the column of air in the 
shaft B is of less or greater specific weight than the column of air in the 
shaft A. 

It is the same thing, and is, I dare say, a more popular definition to 
say, that the heat of the Furnace i^ acting upon the air passing over it into 
the shaft B, renders such air specifically lighter ; and that the tendency 
in columns of air heated, above that with which it is in contact, to rise, 
creates an upward current of air in the shaft B; and that the current of 
more dense air passing to the Furnace rushes in to fill the vacuum, which 
would otherwise be created by the upward motion of the heated air, and 
thus a continuous current is produced around the workings and down the 
shaft A, Whatever language, however, we make use of to describe the mode 
of action, it is quite clear that the motion of the current of air around the 
workings is produced by the difference of weight between the two columns 
A and B ; and, that in the ratio in which we increase this disparity, or 
make the one heavier than the other, so much the more power do we 
obtain to produce Ventilation. 

Before proceeding further into the principles of Furnace Ventila- 
tion, it may be useful to allude to Natural Ventilation, as it bears to 
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an important extent, in some cases, upon the subject of our inyestigations. 
It is well known, that as we descend into the earth by a shaft or pit, the 
temperature increases, and it increases in some ratio with the depth, and 
many experiments have been made in deep mines to determine the rate 
of increase. We also know that the superficies of a mine in which 
workings have been made also give out heat, and that the air, after it has 
passed through a mine, is of a higher temperature than when it entered. 
Such heat acting upon the air of the mine rarifies it, and passing into 
the upcast shaft, presents a column of air specifically lighter than that 
in the downcast shaft, and thus a continual current of air is produced, 
down the downcast, around the workings, and up the upcast shaft, 
without the aid of artificial heat, or of a Furnace, and this constitutes 
what is correctly called Natural Ventilation. 



NATURAL VENTILATION. 



I shall give two cases of this kind which have come under my ob- 
servation, and which it may be useful to communicate ; the first, a case 
where the workings were very limited, and the other, where the workings 
were more extensive. The first is that of the deep winning at Seaton, 
near Seaham. The shaft is 260 fathoms, or 1,560 feet in depth to the 
Button Seam. 

The shaft is 14 feet in diameter, with an air-tight brattice dividing 
it into two equal divisions from the top to the bottom. After the 
pit had been sunk, and a communication in the coal made around the 
walls or pillars left for the support of the shaft, the pit was not worked 
for upwards of two years, and during that time, only two men were in the 
inine for about 8 hours in each day. There was, therefore, no artificial 
heat, especially when the men were out of the pit. I made an experiment 
*tthis pit, the details of which are given in the following Table, No. 1> 
•^y which it will be seen that a quantity of heat evolved in the drift, along 
^hich the air passed, raised the temperature of a current of air of 7,000 
<^iMc feet per minute 3|°. The distance which the current of air tra- 
versed from the bottom of the downcast to the bottom of the upcast was 
3,036 feet. The superficies of surface to which such air was exposed, and 
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which gave out the heat cannot he correctly ascertained from the irregu- 
larities in the area of the passages, but it may be taken at about an ave- 
rage of 20 feet in each foot of drift, or in the aggregate of 60,720 
square feet. 

TABLE No. I. 

Experiments made at the Seaton Pit on Natural Ventilation, depth of pit 
260 fathoms, or 1,560 feet. Diameter of pit 14 feet, divided equally 
by a timber brattice, air tight, from top to bottom. 







Temperature. 


Difference 






Depth 
from top 




of 
Tempera- 










of Pit. 


Downcast. 


Upcast. 


tare. 






Feet. 


Degs. Far. 


Degs. Far. 


Degs. Far. 






Bank. 


44° 


46° 


2° 






120 


44 


47-5 


3-5 






240 


43-75 


48° 


4-25 






360 


44-25 


48 


3-75 






480 


44-25 


48 


3-75 






600 


44-75 


48-25 


3-5 






720 


45-25 


49 


3-75 






840 


45-25 


49 


3-75 






960 


45-5 


49 


3-5 






1,080 


46-5 


49-25 


2-75 






1,200 


47-75 


51 


3-25 






1,320 


48-5 


51-75 


3-25 






1,440 


49- 


52 


3- 






1,560 


49-5 


62-5 


3- 






Average. 


46° 


49°-5 


3°-5 





Quantity of air, 7,002 cubic feet per minute. Length of air 
courses, 3,036 feet, the air being split on each side of the shaft. Average 
area of air courses, 24 square feet, with some small contractions. 



The next case of Natural Ventilation is shewn in the experiments 
at Tyne Main Colliery. To obtain as accurately as possible the power of 
the Steam Jet apart from the aid of any artificial Ventilation, the Fumacea 
were put out, and they were kept out until the temperature of air in the 
upcast shaft was precisely the same as that of the air entering the bottom 
of the shaft, after passing through the mine. 
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On referring to Tables XV. and XVI. it will be seen that in 
both the experiments on the 14th and 15th January respectively, the 
temperature in the return air, or air passing to the bottom of the upcast 
shaft, after having passed through all the workings, was 63°, and that in the 
upcast shaft at 10 fathoms from the surface, the temperature was 62° in the 
first, and 63°, 64°, 65°, in the second experiment. The temperature of the 
air at the bottom of the downcast, or before entering the workings, was, in 
the former case, 42°, and in the latter, 43°, so that the heat communicated 
to the air in its passage through the workings of the mine was respectively 
20° and 21°, upon a quantity of air equal to upwards of 36,000 cubic feet 
per minute. 



The following Table will shew the results of these experiments. 



TABLE No. II. 



Date of 
Experiment. 


Depth 
of Shaft 
in feet. 


Temperatures. 


• 

Quantity of 

Air in cubic 

feet per 

minute. 


Bank. 


Bottom 
of 

downcast. 


Return 
Air. 


From surface in 
upcast Shaft. 


60 feet. 


390feet. 


1853. 

Jan. Uth ... 

)) 15th ... 

» „ 


672 


36° 
43° 

43° 


42° 
45° 
45° 


63° 
63° 
63° 


62° 
64° 

65^ 


61° 

62° 
61° 


34-955 
36-564 
37-182 



It is extremely difficult to ascertain the precise extent of the superfi- 
cies which produced the above result. The entire workings of the colliery 
wittbrace an extent of about 288 acres. In about 50 acres, the whole 
of the coal is exhausted, and comprises what is called goaf; the current 
01 air only sweeping around its edges, and receiving in its passage the 
heat emanating from the goaf. The remainder of the workings has been 
worked in the pillar and stall method, the excavated portion comprising 
about 56 acres, the remainder, 102 acres, comprising the coal left. There 
^> therefore, excavated, 106 acres, and standing in pillars, 102 acres, each 
PiUar being generally about 30 yards by 11 yards, and the seam is 5 feet 
^ uicheB in height on the average. 



The heat thus given out and communicated to the air in its pas- 
^ through a coal mine is necessary to be taken into account in this in- 
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vestigation ; as of itself it produces ventilation of a certain amount, 
independently of any artificial means, but which it certainly materially 
assists. The quantity of heat evolved in so small an extent of workings, 
as that of the first experiment, we find to be considerable, and, in that of 
the second, very much more so. In mines of greater extent it is, of course, 
still greater, in proportion indeed to the extent ; and when we also take 
into consideration the heat produced by the number of men, boys, horses, 
and ponies, and by the gases given out in an extensive pit, we shall find 
that this amount of heat is considerable, and that it has a material effect 
in aiding artificial ventilation, especially in deep mines. 

It is, however, necessary to state, that this result arises only when 
the temperature of the atmosphere is very low, and when, consequently 
the temperature of the air entering the workings of the mine is also very 
low ; in summer the result is different. We find from experience, that 
the temperature of the return air, after it has passed through all the work- 
ings of the mine, is nearly the same in summer and winter, though the 
temperature of the air entering the workings varies more than 20"^; absorbing 
almost, if not quite the whole of the temperature producing "Natural Ven- 
tilation." In winter, therefore, we have the assistance of, say 20°, to assist 
the Artificial Ventilating Power of the mine, and in summer nothing at 
all j and so in proportion as the temperature of the atmosphere varies. 

We are thus enabled to account for the sluggish ventilation of the 
mines in hot and sultry weather, and this also shows the necessity at such 
periods of increasing the Artificial Ventilating Powers of the mines. The 
increased power required as exhibited, in the above case, is that of heating 
36,000 cubic feet of air 20°, or 720,000 cubit feet of air P per minute. 
In Furnace Power we find by the experiment. Table XII., that lib. of 
Coal consumed per minute, heated 11,066 cubic feet per minute of air 62°, 
or 686,092 cubic feet 1°; we therefore require about lib. of Coal per 
minute extra to compensate for the loss of Natural Ventilation, when the 
temperature of the air in the downcast, and in the return from the 
workings, is the same. But in the case of the Steam Jet we find the in- 
crease over the Natural Ventilation only about 12,500 cubic feet per 
minute, little more than one-third of the amount of Natural Ventilation ; 
though such a result was produced by the evaporation of 1*82 cubic feet 
of water per minute into steam of 40 lbs. pressure per square inch 
and applied at the top of the Pit in 61 Jets -^^ths of an inch in 
diameter. 
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Before entering upon the ventilating powers of the Furnace, I may 
also premise, that I have, in the course of my investigations, endeavoured 
to condact them in as purely a practical manner as possible, so that the 
results should exhibit the practical working effect of the two systems, on 
collieries of sufficient magnitude to set the matter at rest, or leave no doubt 
upon the subject, I have, therefore, abstained from theoretical disquisitions 
ahnost entirely ; only so far certainly, as I have found it necessary to elu- 
cidate the subject, and assist in arriving at a correct conclusion. 

I shall now, endeavour to determine and lay down some practical 
data of the power of the Furnace in producing Ventilation. 

We have seen that the power of the Furnace consists in the differ- 
ence of density of the two shafts, the downcast A, and the upcast B. 
If the temperature of A is known, then we can correctly ascertain the 
weight of its column, the depth being known ; and in the same manner 
the temperature and depth of B being also known, we can ascertain the 
weight of its column, and we can take the weight of each in lbs. avoirdupois 
per square foot of area of the shaft. 

I have adopted this mode of investigating the powers of the Fur- 
nace, in lbs. pressure per square foot of area of shaft, as I shall in like 
inanner investigate the powers of the Steam Jet in lbs. pressure per square 
foot of area ; and having done so in both cases, I shall then, from the same 
data, determine their relative practical effect. 

Reverting back to the Furnace, having the weight of the column A, 
and the weight of the column B, then the power to produce motion is well 
™wn, being the same as that of two weights of different magnitudes, viz., 
of the weight A [represented by the weight in lbs. of the column A]y and 
the weight B [represented by the weight in lbs. of the column B], passing 
over a pulley. The theoretic expression of which is well known. The 
weight A J being the moving power, and the weight B, being the resistance 
opposed to the free motion of A, Friction, resistance of the opposing me- 
dium of air, (kc, being set aside in the theoretic investigation of the effect 
of two such forces. We may, however, include these, even in the theoretic 
^liBideration of the subject. We can represent the friction, resistance of 
**^6 air, and any other opposing medium, by an additional weight C, to be 
*^^^ to B ; and hence we have A = the moving power, and B -\- C = the 
'esistance. And then, by the well-known principles of dynamics, having 
"® laws which govern the weight and motion of ^ and 0, we can determine 
® Expression of power requisite to produce a given effect. 
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It is precisely in this way I propose to deal with the practical in- 
Testigation of the Furnace and Steam Jet. I take the weight of the column 
of air in the downcast shaft A in lbs, per square foot of area of the 
shafl or pit, as the moving power of the furnace ; and in like manner, 
the force or pressure per square foot of area of the shafb^ as the moving 
power A ' of the Steam Jet. Then I take the weight of the column 
£ of the upcast as one part of the resistance, and the friction resistance, or 
drag of the air in its passage around the workings of the mine, as the 
other part of G ; being together the resistances opposed to the power A of 
the Furnace, in the one case, and to the power A^ of the Jet in the other. 

If the respective values of A A' and B C were known, we could 
have determined theoretically the merits of the two systems without hav- 
ing recourse to expensive and tedious experiments; but it is precisely that 
we have not those values, and that we cannot obtain the practical opera- 
tive effect of them, without a series of experiments, on a sufficiently exten- 
sive scale and magnitude, to obtain correct practical data of their values; 
that the matter has remained so long in doubt, and that I have found it 
necessary to pursue the subject so minutely, and to carry out such exten- 
sive experiments. 

I trust, however, that the experiments which I shall lay before you 
will not only determine the requisite data; but that they will furnish data 
going far towards establishing practical results in other branches of Coal 
Mine Ventilation. 

I shall now therefore proceed, in the first place, to determine the 
power A and the resistance B of Furnace Ventilation, which we find repre- 
sented by the weight of the air of the two columns A and B, These, of 
course, are determined by the ascertained weight of air at the different 
degrees of temperature in the respective shafts. 

The weight of air at different degrees of temperature, as determined 
by Dr. Dalton and Gay Lussac, was long considered as correct. They 
found that atmospheric air, the barometer being at 30 inches of mercury, 
expanded ^^th part of its volume, for each degree of temperature 
(Fahrenheit) from 32° upwards, or ^^th from unity. 

The more recent and extensive experiments of Magnus and Regnault 
has, however, determined the rate of expansion to be the ^;^ji^ part, from 
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32**, or th« ^th part from unity. And they found, which is of great 
importance in this investigation, (as indeed did Dr. Dalton also,} that the 
degree of expansion was in the direct ratio of the degree of heat imparted. 

The Yolume at 1° being 459, the volume at any other temperature, 
i) will be 459 -f- L Hence, to find the volume of any column of air at 
anj given degree of temperature, we have only to take the volume at unity 
at 459, and add the number of degrees of temperature of any column of air, 
thesnin will be the volume of that column of air. Thus, the volume at 60^^ 
iriU be 459 + 60 = 519, and the volume at 180° will be 459 + 180 = 639. 
Therefore, if the air in the columns A and B are respectively 60° and 180°, 
the volume of the columns will be respectively 519 and 639. 



Br. Dalton has given a Table of the expansion of air, from 32° to 
212^ of which the following is a copy. 



Table of the Exparmon of Air by Heat, by Dr, Dalton. 



Fahr. 


Volume. 


Fahr. 


Volume. 


32° 


1,000 


i 130° 


1,215 


40 


1,021 


140 


1,235 


50 


1,043 


150 


1,255 


60 


1,066 


160 


1,275 


70 


1,089 


170 


1,295 


80 


1,110 


180 


1,315 


90 


1,132 


190 


1,334 


100 


1,152 


200 


1,354 


110 


1,173 


210 


1,372 


120 


1,194 


212 


1,376 



And the volume for any other temperature, t, will be 1000 x 



448 -f 82 * 
448 -I- <. 



Professor Hann, in his evidence before the Committee of the House 
^^ Commons, 1852, says, 'Hhe experimental results of Magnus and 
^^%iUalt, consider the expansion of air in being heated firom ^ to ^ as 

*" iw+T expressed in volume t, the original volume being taken as 

lWlity.»» 

This expression makes the degree of expansion in the direct ratio 
®f the temperature, and the following Table will show the expansion of 
*ir at the different degrees of temperature. 
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Table of the Expansion of Air by Heat, by MagntLS and Regnault, 



Fahr. 


Volume. 


Fahr. 


Volume. 


32° 


10,000 


130° 


11,996 


40 


10,416 


140 


12,199 


50 


10,366 


150 


12,403 


60 


10,570 


160 


12,606 


70 


10,773 


170 


12,810 


80 


10,977 


180 


13,014 


90 


11,181 


190 


13,218 


100 


11,385 


200 


13,421 


110 


11,588 


210 


13,625 


120 


11,792 


212 


13,666 



And the volume of any other temperature, t, will he 1000 + 



45 9 ■¥ 32' 
459 -f t. 



The difference between the two Tables, it will be seen, is not of 
much consequence, in a practical point of view ; but they both shew, what 
is very important in the matter under consideration, that the expansion 
of air is in the direct ratio of the degree of heat imparted to it. And Mr. 
Tredgold, in his work on Warming and Ventilating Buildings, adopts the 
same result He says, p. 26, " If you would ascertain the quantity of fuel 
that would heat a cubic foot of air 1°, then the specific heat of water being 1 
that of an equal bulk of air is 0*00035, or ^^y^ (see Art 217, Table II.); 
and if the quantity of fuel that will heat a cubic foot of water 1° be mul- 
tiplied by 0*00035, the product will be the quantity of fuel that will heat 
a cubic foot of air 1°, and 20 times that quantity will heat it 20°, 30 
times will heat 30°, and so on for any other temperature." 

I shall now ascertain the relative weights of the two columns A 
and B, Mr. Tredgold, in the work above alluded to, assumes the weight 
of a cubic foot of air at the temperature of 60°, barometer 30 inches, at 527 
grains Troy, taken from Dr. Thompson's Specific Gravity of Gases, System 
of Chemistry, Vol. III. But the more recent experiments of Dr. Prout 
makes the weight of 100 cubic inches 31*0117 grains, at the same tem- 
perature and barometrical pressure. 



As Professor Hann has adopted this latter standard, I shall do the 
same, and consequently we have only to find the number of cubic inches 
of air in any shaft, and the temperature ; and we have the weight in 
grains Troy in any column of air. The weight of air being, as above 
stated, inversely as its bulk. 
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As it will, however, be more convenient in our further investiga- 
tions, to take as a standard, the weight or pressure in lbs. Avoirdupois for 
eacb foot of surfEtce, it is easy to convert Troy into Avoirdupois weight. 
We have, therefore, 31-0117 X 1728 -^ 7000 X 100 = -OQeSTefts. Avoir- 
dupois, as the weight of a cubic foot of air at 60°, and 3Q inches barometric 
pressure. And the following Table will shew the weight of different 
columns of air in &>s. Avoirdupois, at different degrees oi temperature, in 
shafts of different depths. 
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The foregoing Table shews the pressure per square foot of area of 
the shaft, but the amount of ventilating power depends upon the area of 
the shaft, — a shaft of 100 feet area, being double the power of that of a 
shaft of 50 feet area, and a shaft of 150 feet area, treble that of a shaft 
of 50 feet area. Having the mean temperatures of the upcast and down- 
cast shafts, we have only to multiply the difference between the respective 
pressures per square foot of the two shafts, as shewn in the preceeding 
Table, by the area of the shaft, to ascertain the total amount of power, in 
fts. Avoirdupois, of any shaft. And if we require that to be expressed by 
horses' power, we have only to multiply that, by the velocity ol the air in 
feet per minute, and divide the sum by 33,000 feet, and we have the num - 
her of horses' power of ventilating force. 

The above Table likewise shews the weight or pressure per square 
foot of area of shafts of different depths and different degrees of tempera- 
ture, and enables us to ascertain the motive power A in shafts of the depths 
shewn in the Table, when the mean temperature of the air in the downcast 
shaft is gi^en. And it also shews the resistance or weight B of the air in 
the upcast shaft, opposed to the motion or moving power A of the air in 
the downcast when the mean temperature of the air in the upcast is given. 

Thus, suppose the mean temperature of air in a downcast pit 900 
feet in depth to be 50°, then the motive power A is 70*252ft)s. per square 
foot of area of shaft. And if the mean temperature of the upcast B be 
180°, then the resistance B of the weight of the column is 55"96ft)s. per 
square foot of area. Consequently, the difference, 2 1*2 62 lbs. per square 
foot of area of shaft, represents the power applicable to overcome the re- 
sistance or drag of the air of the mine, C; and produce a current of air 
vhich will fill up, or produce the dynamical equilibrium of the system, 
^^i which we have denoted by C, 

We shall afterwards go into an investigation of the amount, and 
pnnciples which govern the resistance or variety of resistances, which 
represent C, and this we shall find to be the most difiicult part of the 
undertaking, comprising, as it does, all the complication of the obstructions 
apposed to the moving or ventilating power of the mine, whether that 
P^^er be the Furnace, or the Steam Jet. Previously, however, to entering 
^pon this part of the subject, it is requisite to notice a qualification in the 
power of the Furnace in the Ventilation of mines, which was raised during 
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the inyestigation before tke Committee of the House of Oommons, in 1852, 
and which has been termed the " Furnace limit." 

It is rather inexplicable how this outcry should have been raised 
as against the Furnace, without applying the same limit to the Steam Jet ; 
as in the list of definitions and technical explanations in the Report of the 
Committee, the principles of action of the Furnace, and the resistance or 
drag of the air are correctly stated, except only as regards the " Vena 
contracta," which is scarcely separable firom the drag or resistance of the 
air. 

It is there stated, as has been denonstraied by the proceeding en- 
quiries, that the power of the Furnace is in the direct ratio, or arithmetical 
ratio, of the heat employed ; no limit is pretended to be assigned to this 
power. Professor Hann himself gives the expansion of air, and conse- 
quently the power of the Furnace as equal to 1 — "^ \ t being the tem- 

perature of the downcast, and f the temperature of the upcast, — no limit 
is there given ; and the experiments of Magnus and Eegnault, though 
carried beyond the temperature practically in use in Coal Mine Ventila- 
tion, shewed that the ratio of the expansion of the air, and consequently 
the power of the Furnace, was in the direct ratio of the increase of tem- 
perature. 

It is true, as stated by Professor Hann, and adopted in the Report, 
that the resistance or drag of the air increases in a geometrical ratio, and 
that consequently there is, if not a theoretical, a practical limit to the 
ventilating power. But it ought to have been stated, that this limit was 
equally applicable to whatever power was employed, unless that power in- 
creased, or is made to increase, in any other than a direct or arithmetical 
ratio ; that it was equally applicable to the Steam Jet and the Furnace; and 
that, in fact, it is the resistance, and not the power, which presents a prac- 
tical limit to the amount of Ventilation ; and that it operates, as will here- 
after be shown, to produce a practical limit to the power of the Steam Jet^ 
as well as to that of the Furnace. 



STEAM JET. 



The Steam Jet was first proposed as a ventilating power by Mr. 
Goldsworthy Gurney, in 1835, to a " Committee of the House of Commons 
on Accidents in Coal Mines.*' 
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His proposition 'to the Committee was^ " a common boiler, furnished 
with a small tube, leading to the shaft, and pointing either up or dowD, 
as joQ desire the current to be driven, placed in a cylinder, the size of 
which must be goyemed bj the quantity of steam used, or the quantity 
of current you intend to make. A very small Jet of Steam, at 60Jba. to 
the inchj of about the size of a goose quill, will dislodge 350,000 cubic 
feet of air in an hour." 

Again, in 1839, Mr. Qumey proposed to the South Shields Com- 
nuttee, Steam Jets as a ventilating power, and sent drawings of the mode 
of applying the Jets, which may be seen in their Transactions. Mr. Gur- 
nej then proposed that the boiler should be placed at the top of the pit, 
and the Jets placed within it, about 20 or 30 feet down. And he says, 
"16 Jets of -^ths area, fed by steam of 40ft)s. per square inch, placed not 
less than 30 feet deep in the upcast, and equally divided through its sec- 
tional area, would produce a current of air, at the rate of 20 miles per 
hour, in a shaft 41 feet area, or 72,160 cubic feet per minute." 

In 1849, Mr. Gumey again brought forward, before a Committee of 
the House of Lords, the Steam Jet; and lastly, in 1852, before a Committee 
of the House of Commons. With regard to the mode of applying the Jet, 
Mr. Gumey, in answer to Question 433, Lords* Committee, 1849, " Is it 
desirable to place them near the surface, or near the bottom ?" said, " Save 
the rarefaction, and the little power given out by the heat of the Steam, 
w the shape of heat, and lightening the column, it does not matter where 
^* M placed : it is not worth consideration." And in answer to Question 
434, says, " it is not worth calculation." And he mentions an experiment 
*c Seaton Delaval, making the quantity of air due to the rarefaction of 
*he steam only 6000 cubic feet per minute, the quantity of the Steam Jet 
*^^g 33,000. He therefore assumes the ratio to be as 6 is to 33. 

Notwithstanding the very flattering estimate of the powers of the 
oteaiia Jet, it does not appear that it was used at any of the collieries in 
*'U8 district, until Mr. Porster adopted it, at the Seaton Delaval colliery, 
^ *B49, and, since then, it has been tried in some other collieries. 

It has always appeared to me, that great part of the difference of 
^P^ion which has arisen as to the utility and eflSiciency of the Steam Jet, 
"** been occasioned jfrom a clear distinction not having been made between 
^^^ effect arising from the rare&ction of the air in the upcast shaft, by the 
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heat of the engine fires, and by the heat given out by the steam (when the 
boilers are placed at the bottom of the pit) ; and the mechanical effect, or 
propulsive power, of the Steam Jet, as a moving force, in producing Ven- 
tilation. It is true, Mr. Gumey attributes little or no effect to these aids, 
which, as previously noticed, h6 says are " not worth consideration," but 
attributes almost the entire power to the Steam Jet, as a propulsive force. 

We shall not, however, be able thoroughly to estimate the power 
and efficiency of the Steam Jet, unless we separate, and determine by ex- 
periment, or in some other conclusive manner, what is due to each of the 
mechanical forces, which contribute to form the entire power of the Jet 
as a means of Ventilation, in the different modes in which it has been or 
may be applied. 

In order to accomplish these we shall have to consider separately, 
and subject to experiment, 

1st, — The effect of the Engine Fires as regards rarefaction in the 
upcast shaft, when the boilers and Jets are placed at the bottom of the 
pit. 

2nd. — The effect of the rarefaction, and of the column of steam in 
the upcast shaft, when the Jets are placed at the bottom of the pit, whe- 
ther the steam is obtained from boilers at the bottom of the pit, or is con- 
veyed by pipes from boilers placed on the surface. 

3rd. — The mechanical effect of the Jets alone as a propulsive force, 
to produce Ventilation. 

In the consideration of the first of these, little explanation is 
required. If a fire is employed to pass underneath and around a boiler, to 
convert water into steam, (apart from the consideration of the effect of 
that portion of the heat communicated to the steam, and again given out 
in its passage up the shaft, which comes under the second head of the 
enquiries,) the surplus heat, passing into the shaft, acts upon the air in the 
upcast shaft in precisely the same manner, so far as regards the quantity 
of heat so communicated, as if such heat proceeded from a Furnace, viz., 
by rarefying the air in the shaft, and producing an amount of Ventilation 
corresponding with the quantity of heat so passing off. 
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It is, however, worthy of remark, and it is a circumstance of some 
importance in this enquiry, that a considerable diminution of effect is sus- 
tained, if such fires are of the ordinary description ; the combustion of the 
coal in the engine fires is not near so perfect as when the coal is consumed 
by a Furnace. In the former case, the air js made to pass entirely through 
the grate bars, and through the fire, driving off a good deal of the volatile 
and combustible matter of the fire unconsumed : whereas in the Furnace, 
the air passes over the fire with great velocity, and the combustible mat- 
ter is thus again thrown upon the fire, and is almost entirely consumed. 
Indeed, in a well-worked Furnace, the combustion is almost perfect. 

This is well known to the Profession, in upcast shafts, with engine 
&^ at the bottom, volumes of smoke are almost continually issuing ; 
whereas in Furnace Ventilation alone, there is little or no smoke emitted. 
This is not a simple question of comparative consumption of coal to pro- 
dace the same effect, as the smoke from the engine fires adds to the weight 
of the column of air in the shaft, and so tends also to diminish the effect of 
the rarefaction. The experiments which will hereafter be given, will 
proTe this in a very conclusive manner. 

In the consideration of the second set of enquiries, that of the 
effect of the steam passing up the shaft also requires consideration. 
It operates first of all in increasing the temperature, and, by the rarefac- 
tion of such heat, adds to the ventilating power. We have likewise to 
take into consideration the weight of the column of steam, compared with 
the weight of a column of air of the same temperature. And we have to 
take into consideration that property of steam and air, in contact with 
each other, to combine mechanically, and present a united bulk different 
from that of the simple addition of the two volumes. I have however, pre- 
viously stated that it was my intention, in this paper, to deal with this 
inyestigation in a purely practical manner. I shall therefore simply confine 
niyself to a statement of the theoretical result of the above questions, as 
deduced by the most modern enquirers, without going more into detail than 
18 absolutely necesssary to illustrate the subject. 

The effect of the heat of the steam upon the column of air in the 
shaft, will be the same as that of a similar quantity of heat communicated 
111 any other way, except only as modified by the weight of the column of 
^team, in the first instance, and still further modified by the properties of 
^r and steam when mixed. 
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According to the specific gravity of steam^ as given by Dr. The 
son, it appears that a cubic foot of steam at 60® weighs 3294 grains, \ 
the barometrical pressure is 30 inches, and if / be any other pressur 

have— as 30 : / :: ^^^ = 10-98 / = the weight of a cubic fo< 

steam; at the force f, and temperature of 60°. Let t be the tern] 
ture at the force /, and let t' = 60°. Then, as previously sh 

459^1' ~ *^® ^^^ ** *^^ temperature t, supposing the bulk at 6( 
be one cubic foot. Now, the densities being inversely as the spaces \i 



459 -I- t 



6698-6/' 



the vapour occupies, we have — — , : 1 :: 10*98 / : j^^-^ = thew< 
of a cubic foot of vapour in grains, at the temperature t, and force/. 

It has been ascertained that gaseous fluids, which do not chemi 
combine, mix together without condensation, when the pressure is i 
tered ; and that, when they are saturated, a cubic foot of air ab 
exactly a cubic foot of steam, as it would exist in a vacuum at the 
temperature. (See Gen. Roy's Experiments, Quarterly Journal of Sci 
Vol. XIII., p. 82, or Daniell's Meteorological Essays, p. 174. 

If the bulk of air be a, at the temperature t, and / the force < 
vapour at the same temperature, and p the pressure of the atmosj 
Then, since the bulk a of the air mixes with an equal bulk a of the t 
at the pressure /; the bulk of the steam at the pressure p will 

as 2? : / : : a : — And the bulk of the whole, after mixture, will 

^ , fa a{h + /) 

a + — = 

p p 

(See Tredgold on Warming and Ventilating Buildings, p. 291). 

These will be useful when we shall have to estimate what pra 
results can be obtained in other cases, irom the data resulting &o] 
present experiments. 

The next consideration is the mechanical effect of the Jet of S 
as a propulsive force. I have already noticed the mode in which 
Gumey proposed to apply the Jet, either at the bottom or the top o: 
upcast shaft. The steam from a boiler, or more than one boiler, being 
to pass through small apertures, and so produce a Jet of Steam ia 
out of each of such apertures at a very rapid velocity, and acting o: 
air " by impulse, or m« a tergo,'' as Mr. Gumey expresses it, " drivin 
whole column of air up the shaft before it. 



f 
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Mr. Longridge, in a paper read before the Institute of Mining £n- 
gltaeen, ezpIaioB the action of the Jet as " that of the friction of the steam 
nuhing through the air with great Telocity, and carrying it along 
with it." Whether it be the one or the other, or a combination of both, 
or a partiftl yacnum, created by the rapid expansion of the steam, into 
which the air rushes, and in which manner it is carried along with it, and 
also, probably, that property of steam to mix with the air ; I shall not 
here, or at this time, enter further upon, but shall proceed to the investi- 
gation of the mechanical power given out, or produced by such Jets. 

It will be necessary, as in the case of the Furnace, to ascertain the 
amoant of mechanical force exerted by Jets of Steam of given dimensions, 
and number, in lbs. pressure, per square foot of area of shaft, or horses' 
power; which we shall first of all do, by ascertaining the evaporating power 
of a boiler, or a certain number of boilers, such as are used in the collieries 
where the Steam Jet has been applied. 

The form of boiler ordinarily employed is cylindrical, with hemi- 
spherical ends, generally 30 feet long, by 6 feet, to 5 feet 6 inches diameter; 
high pressure, of course. The evaporating power of such a boiler we may 
take at about 50 cubic feet of water per hour ; and as the evaporation of 
one cubic foot of water per hour is generally taken to represent a horse's 
power, or 33,000lbs. lifted one foot in height in a minute, we may take 
one of such boilers, used as a mechanical force, or as made to act as a Jet 
of steam, as representing 50 horses' power, and so on for any greater 
number. 

We shall now enquire what number of Jets such a boiler will sup- 
ply with steam, — say, at 401bs. per square inch. 

Mr. Vivian quotes, in his evidence in 1849, "a Cornish boiler, 30^ 
feet long, 6 feet 2 inches diameter, as supplying a Steam Jet with an 
opening of | inches square, the safety valve lifting at 505)s. per square 
mch ; " thus making one Jet, of an area of '5625 square inches, pass all 
the steam of such a boiler, at 50ft)s. per square inch. 

In an experiment which I made at Hetton colliery, with two boilers, 
each 26 feet long, and 5 feet 4 inches diameter, the evaporation was 93 cubic 
feet ofwater per hour, into steam at 40ft)s. per square inch; and this quan- 
tity of steam was barely sufficient for the supply of 37 Jets J-inch diameter, 

E 
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or 1*8133 inches area. But this evaporation was more than would supply 
the same number of Jets 3-16ths inch diameter, or 1*0216 inch area. 

At Killingworth, I found the eyaporation of three boilers, each 34 
feet long and 5 feet 1 inch diameter, equal to 170 cubic feet of water into 
steam at 401bs. per square inch per hour ; and this quantity of steam was 
also barely sufficient to fully keep up 29 Jets 3-8ths of an inch diameter 
each, or 3*203 inches area ; the boilers being, in this case, very vigorously 
fired. 

At Tyne Main colliery two experiments were made, the Jets being 
placed at the top of the pit, a short distance from the boilers, and, conse- 
quently, little or no condensation. In one experiment there were 33 Jets 
3-16ths inch diameter each, and 28 Jets f ths inch diameter each, the total 
area being 4*0003 inches. There were two boilers, each 30 feet long, and 
and 6 feet diameter, with hemispherical ends ; the evaporation was 115 
cubic feet of water per hour, and the pressure of steam 22*5 per square 
inch. The boilers were very hard fired, and the steam kept up with great 
difficulty. The other experiment was with the same boilers, steam at 
40ft)s. per square inch ; 61 Jets 3-16ths inch diameter each, — area of Jets, 
1*684 inches ; and the evaporation was 109 cubic feet of water per hour, 
but the steam was blowing off strong all the time, the evaporation being 
more than the Jets could pass. 

The velocity with which elastic fluids rush into a vacuum, is that 
which a heavy body will acquire by falling through a homogeneous column, 
equal to the height due to the pressure or elasticity of the fluid; and 
the velocity with which a fluid of one degree of elasticity will rush 
into an atmosphere of a different degree of elasticity, is that which a 
heavy body will acquire by falling through a homogeneous column equal to 
the height due to the pressure, or difference of degrees of elasticities, of the 
two fluids. 

If we have, therefore, the degree of elasticity or density of steam, 
we shall know at what velocity such steam will rush into the atmos- 
phere, through a Jet or aperture, out of a pipe containing a continuous 
supply of steam at such a density. This theorem is well known and i 



^; = 8^86•5(459+^ 
i! being the temperature of the steam above the pressure of the a^moa- 
phere. (See Tredgold on the Steam Engine, p. 89). 
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Tkis expression of velocity is, however, correct, only when the 
motion is free from friction, or unretarded. Mr. Tredgold states, " that 
the velocity through a tube, from two to three diameters in length, should 
ke 6-5 instead of 8." 

In the case of the Steam Jet, however, the Jets are necessarily at some 
distance from the boilers, and the steam will be conveyed from thence by 
steam pipes of different diameters, and, consequently, we may assume 
Aat the velocity will be further diminished. The velocity of steam at 
40!bs. pressure per square inch, or 288*4° temperature, will be — 

«=6-5^86-5 (459+288-4) = 1652-7 feet pen second, the velocity with 
which the steam would issue from the Jets. 

The quantity of water evaporated at Hetton, was 93 cubic feet per 
hour, we then have, 

93x506x144 -moo r a J 

3600^1-8133 = 1038 feet per second, 
ile velocity with which 93 cubic feet of water converted into steam of 
^Olbs. pressure, per square inch, 506 bulk per minute, would pass through 

Ml aperture of 1-8133 inches in area. And at Killingworth ^^^^^oz "^ 
1074 feet. And at Tyne Main, No. 1 experiment, 3^x4^003 ~ ^^^^ ^^^'^ 
and No. 2 experiment, ^^^^!^ =1311 feet per second, the velocity of the 

steam oat of the Jets. The theoretical expression of these experiments being 
aboQt4*25onthe average, (the last experiment not passing all the steam,) 
iwtead of 6*5 as given by Tredgold ; which is probably the more correct 
expression, as Tredgold gives 5* as the expression, when the steam issues 
through a thin plate, and 5*45 through a tube of two or three diameters in 
length, projecting inwards. 

Assuming 4*25 as the expression, we would have the velocity with 
steam at iOfbs. = 1080-6 feet per second ; and at 501bs. = 1088*4 feet 
per second. 

Having, thus, the number of boilers, or area of surfiace of evapora- 
tion; and reckoning in round numbers, 3 square feet of surface of 
enporation for each cubic foot of water evaporated. We shall know the 
tteehanieal power employed in any Steam Jet apparatus, — and resolving 
^ 4^antity of water into steam of the elasticity intended to be used, and 
^ adopting the theorem 

V = 4-25 V86-5 (459 + t' 
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t' being the temperature of the steam equivalent to the elasticity intended 
to be used, we can also determine the number of Jets to be used. 

And if we wish to know the number of horse»' power of the steam 
employed in the Jets, or the pressure per square foot of area of shaft, we 
can also determine these. 

Thus, suppose the pressure of steam employed in the Jets to be 40ft)8. 
per square inch = 288^4 Fah. Then 4*25 J^^'b (459 + 288-4) =1080 feet 
per second the velocity with which the steam will issue from the Jets. 

Take the case of Tyne Main. 61 Jets 3-16ths of an inch in diame- 
ter each = 1 '6843 inch area : we have, as above, 1 '6843 inches of steam, at 40Ibs. 

pressure, with a velocity of 1080*6 feet per second. Then ^^ 

= 758'37 cubic feet of steam per minute, and as the bulk of steam as 

768 '37 

compared with water is as 506 : 1 j we have gQg- = 1*5 cubic feet of water 
per minute, or 90 cubic feet per hour required to be evaporated to supply 
Jets of the area of 1*6843 inches, with steam at 40Sbs. pressure per square 
inch. 

And if we require to know the pressure per square foot of area of 
shaft, in the same terms as Table III. of Furnace Ventilation, we have 
758*37 cubic feet of steam, to act upon an area through the cylinders, of 

758*37 

40 '25 feet, with steam at 40fts. per square inch pressure, now ~~^:^ =18*84 

feet per minute, the quantity of steam supplied at 40fts. But the velocity 
of the air is 1231*6 feet per minute, (viz., 49 '574 cubic feet of air per 
minute passing up the shaft, the area of which is 40*25 feet,) therefore, 
as 18*84 feet : 1231*6 feet :: 40ft)s. : *61185)S. pressure per square inch, 
or '6118 X 144 = 88*10ft)s. per square foot of area of shaft. 

. , 88-11 X 40-26x1231 -6 i oo i. ♦ 

And 33:00 =132 horses power. 



EESISTANCE OF THE AIR IN MINES. 



I shall now proceed to the consideration of the resistance of the 
air in mines, or to G, and, as previously noticed, this is a most important 
and a most difficult undertaking; requiring a much more elaborate and 
extensive investigation than I can pretend to bestow upon it, on such an 
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occasion as the present. I have found it necessary to enter upon it on a 
somewhat extensive scale, however, in order to obtain data whereby to 
compare the effective performances of the different systems of ventilating 
power; and I trust such researches, and the data which I have obtained 
fi:om the experiments I have found it necessary to make in illustration 
thereof, will not be without their value, in the consideration of the Ven- 
tilation of Mines generally. 

The mode by which mines are ventilated, is by conveying the at- 
mospheric air through all the passages, drifts, and openings, which have 
been made in the excavation of the coal, so far as it as practicable to do so. 
In what is called the goaf, or goaves, viz., large spaces where the coal has been 
entirely taken away, or excavated, and where the roof has been allowed to 
Mj or where the upheaving of the bottom of the mine has closed, entirely 
or partially, the space out of which the coal has been excavated, the atmo- 
spheric air cannot be made to traverse ; and in those cases it is carried 
along the edges of those spaces, or along the edges of the goaves. But in 
all other parts of the mine the atmospheric air is made to traverse, to 
sveep away, mix with, or dilute the noxious gases which are evolved, 
either in the operation of working the coal, or in the old workings of the 
colliery, and so convey them to the surface harmlessly. 

In coUeries which have been a long period in working, and in some 
of the deep mines, where the expense of sinking is very great, the extent 
of the workings, and of the air passages, are very extensive, extending to 
^'^y miles, through which it is necessary that the air should be made to 
traverse. 

It has been generally understood that Mr. Spedding, of Whitehaven, 
^^ the first who attempted anything like a system of what is called 
coursing the air," or carrying the air through the workings of a colliery, 
"7 a system of stoppings, or brick walls, closing up some of the passages, 
and forcing the air along others, and so causing it circulate through all 
the old or left-off workings. Previously to this being done, it would ap- 
P^r that the air was only made to circulate around those parts of the 
^uie where the men were at work. 

According to Mr. Spedding's System, the air was taken from the 
downcast shaft, and circulated in one unbroken current through the whole 
^^the workings and waste. Mr. Buddie, finding this difficult to do, in 
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the extensive collieries of North amberland and Durham, adopted the 
system of what is called "splitting the air," or, — ^instead of carrying the 
air in one unbroken current from the downcast, around all the wqrkings, to 
the upcast shaft, to split such current into sub -divisions, and which also 
shortened the length which each current had to traverse. 

The advantage of this is very obvious, the resistance of a current 
of air being directly as the length of the current, and the square of the 
velocity of the air ; the current being shortened, the resistance in that 
respect is diminished, in the ratio of the diminution of the length of run; 
and the current being divided, the initial velocity is also reduced, and 
this diminishes the resistance in the ratio of the square of the velocity of 
the current, before and after being split. This has been carried to a great 
extent in some of the extensive collieries, even as many as 20 to 30 splits^ 
or separate currents existing in some of the mines. 

It would have been extremely useful if, in an enquiry of this kind, 
we could have ascertained and laid down some practical rules by which 
the resistances of the air in one colliery could be correctly compared with 
that of another ; we should then have been able, by comparing the prac- 
tical effect of the Jets in one colliery with the Furnace in another, to have 
more readily determined their relative merits. 

In the present state of our information this, however, cannot be 
done with any degree of accuracy. I have obtained the length of the air 
courses of several collieries, their area, the quantity of air traversing each 
split, and as much information as I could obtain ; but the results are not 
such as I can present with confidence. There are so many elements re- 
quisite to determine with sufficient accuracy, in a practical point of view, 
the power required to produce a given velocity of current, or a determined 
amount of Ventilation; that I find it would take more time than has been 
allowed me, to make the requisite experiments and investigations to de- 
termine this most important question. 

In comparing two collieries, one with Furnace, and the other wiib 
Steam Jet Ventilation, we should have to take into consideration, in a 
conclusively practical manner, all the comparative effects as regards the 
length of the air courses, — their area, and the superficies of the drifts, the 
velocity with which the air in each of these splits travel. We should also- 
have to take into account the manner in which the splits are taken off* 
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from the main currents. Whether they are independent splits passing 
from one shaft to the other, without interference with anj other current, 
or whether they are currents detached from the main current, made to 
travel certain workings, and again join the main current, — and prohably 
eyen some of those splits or detached currents are again subdivided, and 
either made to join the original main current, the detached current, or 
probably some other current. 

I would simply direct the attention of the enquirer to the system 
of the Hetton Colliery Ventilation, Appendix No. I. There are, in that 
eoUierj, 5 main currents of air, — these are subdivided into 35 splits, and, 
u will be seen by the statement, some of these splits proceed for a certain 
distance united, are then subdivided, and in some cases, are mixed with 
other splits, — and in all these peregrinations, the area of the air courses 
nrj every yard ; and consequently the velocity of the current, which form 
80 important an element in the resistance, varies likewise. After great 
labour and consideration, I have despaired in deducing, even from a va- 
riety of cases, any thing like correct data, whereby to compare dissimilar 
cases with each other. The conclusion I have therefore come to is, that 
ihe only correct mode of comparing the two systems of Ventilation, is to 
ascertain their comparative powers at the same colliery, and under as 
precisely the same circumstances as possible. 

In the investigation, however, of this subject, it will be necessary 
to determine the predominant principles which govern the passage of the 
cnrrents of air through coal mines, without which we cannot correctly 
Mcertam the comparative merits even at the same colliery. 

In the investigation of the resistance of the currents of air in a 
nwne, we must take it into consideration the lengths of the different cur- 
wnts,— there will be in every mine what may be termed the main or 
^^^ current, similar to what is termed the ruling gradient of a Railway, 
^^ :— the current or currents which are the longest, and which present 
^^ greatest resistance, and by which the several minor currents are ruled 
<^' regulated. 

In determining the resistance of the currents of a mine, it is not 
^<^^h that we should take the number of splits, — ^their respective 
lengthg^^their areas, and either obtain an aggregate length, and mean 
•'^aj-^or yet an average length, and a mean area. These would not give 
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accurate representations of the aggregate resistances. And as in the 
course of this investigation we shall have to advert to this, and to com- 
pare the amount of the resistance of the Ventilation of one colliery with 
another ; it is necessary that this should be thoroughly understood^ though 
it may appear tedious and prolix. 

I shall take a case which may be tabulated as follows, and which 
is shewn on sketch in Pig. 12, Plate II., where A represents the downcast^ 
B the upcast shaft, and Nos. 1, 2, 3, 4, and 5, the different currents 
of air. 



Table shewing the Ventilation of a Colliery. 



No. of 
Currents. 



No. I. 

II. 

III. 

IV. 

V. 

VI. 



Quantity of Air, 
in cub. ft. ?f- min. 



Total... 



38,000 
4,400 

13,020 
5,400 
7,500 

14,000 



82,320 



Distance in feet each Current of 
Air travels. 



1518 + 1650 + 7768 
1518 + 1650+4470 
1518 + 3300 



feet. 
19,470 

6,400 

10,836 

: 7,638 

: 4,818 

210 



Average distance 8,229 



The ruling current here is No. 1, that of 38,000 cubic feet per 
minute, traversing a distance of 19,470 feet. Supposing the velocity of 
the air to be the same in all the currents, then, the resistance being as 
the length of the current, the natural tendency of the air would be to 
take the nearest route to the upcast, and so abstract a quantity of air 
from the longest route, or from No. 1 ; a regulator is, therefore, put into 
the air course, No. 2 at ^i, another into No. 3 at B, into No. 4 at C, and 
into No. 5 at D, 



All those regulators contract the area of the passages, produce a 
corresponding increase of velocity in the current ; and as the resistance 
is as the square of the velocity of the current, the area is so contracted 
until the resistance of the air through the regulator of the minor currents 
is equal to that of the long current, and then there is an uniform resist- 
ance produced, and each current then retains the quantity of air allotted 
to it. 
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It will be seen, however, that each minor current of air, though 
the distance it travels is much less than that of the longest current, is 
made to have the same resistance ; and that, therefore, the aggregate re- 
sistance will be represented by the total quantity of air multiplied into 
the length of run of the longest current, or by 83,000 X 19,470. This 
has an important bearing upon the ventilation of extensive coal mines, 
and on the subject under consideration. 

Assuming this to be the correct view of the case, then the diffi- 
culty is considerably diminished in estimating the amount of resistance, 
or drag of the air in any coal mine ; as, having once obtained the amount 
of resistance by experiment or otherwise, of any defined length of current, 
and area of air passage, we have only to take the length of the longest 
current, its area, and superficies, by which to ascertain the resistance of 
all the other currents, and so obtain the aggregate resistance, or 0. 

To determine the value of (7, even with this limitation, is, however, 
attended with considerable difficulty : the variation in the dimensions of 
the air courses, passages, goaves, and route which the one main current has 
to take, is so great, that it can only be determined by experiment — and 
when determined in one case, it is no rule for another, the main current 
<>f one pit differing in all these circumstances very much from another. 

Mr. Hawksley, of Liverpool, has given a theorem, which is the 
result of a great many experiments on gas conveyed in pipes of many 
Miles in extent, which is generally considered to be the most accurate that 
has heen put forth, and which having been deduced from pipes of a uni- 
form area, is likely to be much more accurate than any theorem deduced 
from the variable area, and superficies of a current of air in a coal mine. 

Let i; = Velocity of air in feet per second. 
T — Temperature of the upcast shaft. 
D = Depth of shaft in feet. 
t — Temperature of the downcast shaft. 
« = Sectional area of the air courses in feet. 
m = Corresponding margin, or superficial area of dimensions 

of air courses in feet. 
I — Length traversed by air in feet. 



/ 



/_Tj- J^ \ 
^T +448 / ^ 



F 
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I give this theorem, as I belieye it has not hitherto been published, 
and because it has been found to be extremely correct in passa^s, or 
through pipes with smooth superficies ; the ca-efficient will require to be 
altered in its application to coal mines, but It maj probably be of utility 
in the further elucidation of the subject, when a general co-efficient de- 
duced from numerous experiments has been obtained. 

An attentive consideration of this part of the subject, shews of 
what importance it is to attend to the most judicious and proper distribu- 
tion of the air in a Coal Mine of even moderate extent. It is in vain to 
indulge in improved systems, or applications of powerful Ventilating 
Powers, if a proper distribution of the air is not carried out in the mine 
when it is obtained. It may be all thrown away by increased resistances 
arising from an improper system, or distribution of the air through the 
passages of the mine, and we shall see afterwards that the same Ventilat- 
ing Power in different cases produces very different results. 

This is obvious when we keep before us, that the resistance of the 
air through a mine is directly as the length of the main, or ruling current,, 
and as the square of the velocity with which the air is made to travel — 
not through all the length of the air passages, but through even an incon- 
siderable distance. Mr. Gurney speaks of the " Vena Contracta" as a 
powerful obstacle in the Ventilation of Coal Mines. Every regulator ia 
a Vena Contracta, — every obstruction, or diminution in the area of the 
air passages below the proper dimensions, is a Vena Contracta ; all opera- 
ting in a geometrical ratio to obstruct and diminish the quantity of air, 
and to increase the resistance to the ventilating power. 

Let L = the length of the air courses, A = the area representing 
the velocity of the air , and F = the Ventilating power, then F = L X A^' 
Thus, taking the case before us, the average length of the six currents ia 
8229 feet, the entire length is 49*372 feet, L in the one case being 1, and 
in the other 6. Supposing the air is equally divided amongst six drifU 
in the one case, and a single continuous current in the other, the difference 
of Ventilating power required will be 6 X 1^ = 6 ; and 6x6^ = 216, 
or 36 times the power in the one case as in the other; and taking the No. L 
current as the ruling one, and supposing the other minor currents to be 
obstructed by regulators, or area of drifts, so as to equalize the resistance 

/ 19470 82*320 \ 

the difference will be as S6 : 1,6 X 8229 X 3^000 = / 66*62, or nearly 
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doable the power. Too much attention cannot, therefore, be paid to the 
proper distribution of the air, so as to have the shortest possible air 
corrents, and the largest area of air courses, consistently with having the 
requisite quantity of air in each current, and with economy and the prac- 
ticability of obtaining spacious air courses. 



WATER GAUGE. 



We have now practically to ascertain the value of C, and for this 
purpose I have made use of the Water Gauge. This is a very simple, but 
Teiy effective instrument. It is in the form of a bent glass tube op'en at 
both ends, shewn in Fig. 1, Plate II, and the mode of application is thus. 

r 

A, has been made to represent the pressure or weight of column of 
the air in the downcast shaft of a mine^ JB, the weight of the column of 
urin the upcast shaft; and we have seen, or it is indeed, apparent, that if there 
was a free communication between them along the drift or passage C, Fig. 
I, Plate I, a current of air would in Furnace Ventilation be produced 
continuously, so long as the temperature of the column jB, was greater than 
that of ii : and if any other system of ventilation is adopted either to force 
tke air down the shaft -4, or to pump or force the air up the shaft B ; or 
u a compound system is adopted, to force the air down the shaft A, and 
at the same time pump or force air up the shaft B ; so long as these 
mechanical forces act, so long will a current of air be produced down the 
■haft A, along the passage C, and up the shaft B, 

When we employ all or any of the mechanical powers to ven- 
uhite a Coal Mine, we close the passage C, and so cause the air to pass 
Wound the workings, as explained in Fig. IV., and which is generally 
done by placing a door at -4, in the passage C. It is now quite clear that 
*he difference of pressure between one side of this door, and the other, 
^ * correct measure of the force or power required to propel the current 
^*ir around the workings of the mine ; and a Water Gauge placed in this 
^^^t one end being open to the upcastj^ and the other end open to the 
downcast, the difference of height of water in the two columns will exhibit 
* correct admeasurement of the pressure or force required to produce the 
™«rent currents of air. It has been in this manner that the force, or the 
'®'^'*»nce of air at the different velocities, in these experiments, was ob- 
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tained. This will be more clearlj shewn bj a reference to the diagram, 
Fig. 12, Plate II., where a represents the door (one being opened) on 
which the Water Gauge was applied. 

The " Water Gauge," therefore, placed in these doors indicates the 
force or pressure which is required to compel the air to traverse the work- 
ings, or, in other words, indicates the measure of force required to over- 
come the drag of the air around these workings or around the mine ; and 
being a correct indicator of the power or force required to cause the cur- 
rent to traverse the workings of a coal mine, (such as represented in th^ 
diagram,) is the best instrument to measure, not only the actual amount of 
such force, but also the power required to produce currents of different 
velocities, and can also be made use of, to ascertain the relative power of 
different ventilating forces. 

The Water Gauge, however, it is necessary to remark, does not 
represent the entire amount of the ventilating power. It is an 
indication of the difference of pressure between one side of the doot 
and the other, and indicates correctly the resistance and power required 
to keep in motion the different currents of air traversing the mine afbei 
passing one side of the doors until they return to the other, but it does 
not indicate, or measure the force required to propel the air over the Fur- 
nace, and up the shaft. 

In estimating, therefore, the relative amount of power employed in 
the different systems of Ventilation we must take these into consideration) 
and we shall see hereafter that this is important. In our investigations 
we shall, therefore, endeavour to ascertain, the power required to propel 
the air around the workings ; and also, that which is required to propel it up 
the shaft ; or, the resistance opposed to the ventilating power, in propel- 
ing the air around the workings, and the resistance opposed by the Furnace 
and column of heated air in the shaft in Furnace Ventilation, in the one 
case ; and by the column of heated air and steam in the shaft, in the case of 
Steam Jet Ventilation, in the other. 

The Water Gauge placed- at the doors a in the passage shewn in 
the diagram, will not, as before stated, indicate the resistance in the up- 
cast shaft, or the power required to force the air over the Furnace, or 
through the Jet apparatus ; but, if we know the total amount of ventilating 
power employed, (whatever that power may be) and if we can with the 
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Water Gfange measure the amount of power required to force the air 
around the workings of the mine, or what may be called the effective ven- 
tilating power, we can then obtain the remaining resistance or loss of power 
bj the different modes of ventilation, from whatever cause such loss maj 
arise. The Water Gauge, therefore, we shall find to be a most useful in- 
fitmment in ascertaining the practical, or effective amount of ventilating 
power, or of the resistance to Ventilation, and consequently of the value 
ofC. 



EXPERIMENTS MADE TO DETERMINE THE ACTUAL, AS WELL 
AS THE RELATIVE POWERS OP THE FURNACE AND 
STEAM JETS, AS VENTILATING POWERS. 



The Collieries at which these experiments were made, were the 
Hetton, Killingworth, and Tyne Main Collieries. They are what may be 
called deep collieries being respectively 900, 690, and 672 feet in depth, 
and an experiment at the Norwood Colliery, 252 feet in depth. 

At Hetton Colliery the Jets were placed at the bottom of Jhe pit, 
tKe boilers, and consequently the fires, being also at the bottom of the pit ; 
WMequently the experiments at the Hetton Colliery embrace the venti- 
lating power by — 

1 — Natural Ventilation. 

2 — Engine Fires alone ... .. 

3 — Engine Fires and Steam - 

4 — Engine Fires, Steam, and Jets 

5 — Furnace ... 

6 — Furnace, Engine Fires, and Steam 

7 — Furnace, Engine Fires, Steam, and Jets... 



At the bottom 
of the pit. 



At Killingworth the Jets w^ere placed at the bottom, and likewise 
*«6 top of the pit, but the boilers being placed on the surface, the steam 
^ taken down the shaft in pipes ; and, therefore, an opportunity pre- 
**^tea itself of ascertaining by experiment — 

Natural Ventilation. 

Steam ^ 

Steam and Jets 

Furnace 

Furnace and Jets . 

Jets At the top of the pit. 

Furnace at bottom, and Jets ... ditto. 



At the bottom of 
the pit. 
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These experiments would have been saffioient to test the comparative 
powers of Furnace and Steam Jet Ventilation, in almost all the varieties in 
which thej can be applied, and likewise the actual amount of their ven- 
tilating powers in the several modes of application ; but in the experiments 
on the power of the Jets, as a propulsive force alone, unaided by the rare- 
faction of the air in the shaft, I did not consider the experiments at Killing- 
worth quite conclusive. It is only by placing the Jets at the top of the 
pit that the propulsive force can correctly be ascertained. The Killing- 
worth shaft is of an uniform area, and only 30*08 square feet. When the 
Jets and cylinders were placed in the shaft> and all the openings, except 
through the cylinders, closed up ; the area was reduced to 19*14 square 
feet, which I considered too small an area to test the actual powers, though 
the experiment was good comparatively, the obstruction applying equally 
to the Jet and the Furnace, as the air from both passed through the 
cylinders. 

The Tyne Main Pit is 8 feet diameter, or 50*265 feet area, except 
about 34 yards, commencing 84 yards from the surface, where the tubbing 
is lined with fire-brick, and where the diameter is only 7^ feet, or 44*178 
feet area. For about 70 feet at the top of the pit the diameter is, how- 
ever, 9 feet, and this presented an opportunity of placing within this 
increased area a larger number of Jets, and also to obtain a larger area for 
the air to pass through the cylinders, viz., 40*257 square feet, which may 
be considered a sufficient area, to test the impulsive force of the Jets 
placed at the top of the pits. 

The experiment at Norwood Colliery was made to test the com- 
parative merits of Furnace and Jet Ventilation, in pits of small depths ; the 
Jets being placed 180 feet from the surface, and the Furnace 252 feet from 
the surface. 

I shall now describe the mode in which the experiments were 
conducted. 

Hetton Colliebt Expebimbnts. 

The Hetton Colliery, or that part of it at which the experiments 
were made, comprises one upcast shaft, called the Blossom Pit, and two 
downcast shafts — the Minor, and Eppleton Shafts. The two former shafts 
are 900 feet in depth, and the latter 1,080 feet. A small portion of air pas- 
sing up the upcast shaft proceeds from another downcast shaft, called the 
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£lemore, but the great bulk of the air of that shaft passes up a separate 
upcast, which was not made the subject of experiment. The upcast, or 
Blossom Shaft, is 153 feet in area, and the two downcasts are respectivelj 
98 and 58 feet area =156 feet. 

The ventilating_ power of the Hetton Colliery is obtained from three 
Furnaces, one 9 feet in width, and the other two, 8 feet each. 

Fig. 3, Plate I., is a section of the Hetton Shaft, near the bottom 
of the pit, shewing the furnaces. A being the shaft or pit, B B the two 
Purnaces, over which the air from the Minor Pit and Elemore passes, and 
Cthe Furnace over which the air from the Eppleton Pit passes, — D D being 
the two sloping drifts up which the heated air from the furnaces pass 
into the shaft. B J9, Fig. 6, is an elevation of the two Minor Pit Furnaces, 
and 0, Pig. 7, that of the Eppleton Pit Furnace. 

Ey Fig. 3, shews the two boilers, a a, placed at the bottom of the 
pit for working two underground engines, and which were used in sup- 
pljing Steam for the Jets — the heated air and steam from the boilers pas- 
fling up a staple F into the sloping drift B, and so into the shaft A. G 
shewing the position in which the Jets were placed in the shaft, the steam 
heing conveyed along the pipes e e. The diameter of the steam pipes were 
6 inches. Pig. 8 is a plan shewing the distribution of the Jets in the shaft 
*t G. Three sets of Jets were used, viz., -j^, |, and |th of an inch diameter 
each respectively, 37 Jets being the number in each case. 

The workings of the Hetton Colliery, ventilated by the aforesaid 
shafts, are very extensive, spreading over an extent, in the Hutton seam of 
upwards of 2000 acres ; comprising, coal partially worked, or standing in 
Pilars, and coal entirely worked away or goaf. Table I., Appendix, is 
* Synopsis of the Ventilation — shewing the distances which the different 
^'^in^nts of air traverse ; either together or separate, and which also shews 
*ke extent of the Ventilation, and the manner in which the air is split, 
*nd distributed throughout the workings. 

It must be observed that there are three seams or beds of coal in 
working at Hetton Colliery— the Hutton Seam 900 feet ; the Low Main 
^ 780 feet ; and the Main coal 660 feet from the surface. The Fur- 
awes are 900 feet from the surface, and in the Hutton seam, and though 
these Furnaces embrace the Ventilation of the entire workings in all the 
"®^8i the air from the Low main, and Main coal seam do not pass over them, 



42 

but pass into the upcast shaft at their respective depths from the surface ; 
and, as will be seen bj the Synopsis of the Ventilation, the quantity of air 
passing around the workings of the Low main coal seam is 29*200 cubic 
feet per minute, and in the Main coal 29*950 cubic feet per minute. 

Tables I., II., III., and IV., are the experiments made to ascertain 
the actual, as well as the comparative performances of the Furnace anc 
Steam Jet, in producing Ventilation. Tables V., VI., and VII., are thos-- 
made to ascertain the consumption of coal, and power expended in the tw 
systems, and to ensure accuracy, were carried on for a period of 12 and 2v 
hours respectively. Table VIII. being a summary, or general resul 
of the three latter experiments. 

In the prosecution of these experiments, every care was taken 
ensure accuracy. The temperatures in the upcast shaft were generaM 
taken by two Thermometers, suspended in the shaft at the differs 
depths at the same time, — self-registering were used at first, but a: 
having had several broken, I was obliged to abandon the use of them, 
to use common Thermometers with the bulbs wrapped with cotton^ i 
prevent them cooling down in taking them out of the shaft, but keeping thea 
a sufficient time in the shaft to register the temperature. The dampness <rf 
the shaft, and the unavoidable variation in the temperature, as the Fur- 
naces or engine fires were more or less urged, produced some dis- 
crepancies in this result ; which, however, though it would have been 
more satisfactory in a scientific point of view, if a strictly accurate result 
could have been obtained, will be found not to ha\e effected the general 
result, and were as accurate, as I believe they could be, under the circum- 
stances, obtained. The quantity of air was measured with gunpowder 
within the downcast shaft; the difference of specific gravity betweei 
the gunpowder smoke, and the air passing down the shaft, will slightlj 
effect the actual quantity, making the recorded quantities rather less thai 
the actual ; but the comparative result will not be effected thereby, in an^ 
appreciable degree. However, it may be made the subject of calculatioi 
if requsite. Every care was taken to ascertain the amount of water gauge 
and the quantity of coal consumed, and also the quantity of water evapor 
ated, and the elasticity of the steam employed in the Steam Jet experi 
ments. The boilers have, which is called " flash " flues, and, consequently 
the great quantity of coals used in the evaporation of a cubic foot of wate: 
is rather high ; this can, however, also be made the subject of calculation i 
required. 
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TABLE V, 

iSiWPV» ofBxperimenU made at Hetton Colliery, with Three Fumaca, 

duriiy Friday night and Saturday, the 26(A and 21th Nov., 1852. 
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Iba. or Cuula : Bltogethe 



TABLE VI. 

"ywopMj 0/ Experiment made at Hetton Colliery with the Steam Jett, 37 

■» number, \ of an inch in diameter. — January 3, 1853. 
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EXPERIMENTS AT KILLINGWOBTH COLLIERY. 



Killingworth Colliery presented a different mode of testing the 
tsomparatiye powers of the Steam Jet, and Furnace, than Hetton ; the 
boilers being at the top of the pit, and the steam being convejed down the 
pit in pipes, gave an opportunity of comparing the Furnace with the Jet, 
haying nothing but the rarefaction of the steam in the shaft to effect the 
experiments. And in this case the same Jets were removed from the bot- 
tom of the pit to the top, to test the relative effect at the top and bottom 
of the pit, and so that in the former case, no force but the impulsive force 
of the Jets were employed. 

Figs. 2 and 3, Plate II., are elevations of the mode in which the 
^hunace and Jets were applied at Killingworth, A A, being the shaft, B 
Ae Furnace, and 2>, the sloping drift into the shaft. The boilers are placed 
^ut 40 yards from the pit, and the steam is conveyed down the shaft as 
shewn on the sketch, in pipes 10 inches in diameter, to a receiver 0, at the 
bottom of the pit ; ef representing the level of the surface. Fig. 4, is a 
plan of the Furnace, and shaft, and %• 5, an elevation. 

In the record of the experiments, it is stated that the experiments 
^ere tried sometimes with the Furnace doors shut and sometimes with 
tiietn open. In Fig. 4, it will be seen that there is a horizontal passage, 
Parallel with the sloping drift 2>, in which two doors at a 6 are placed — 
these are the doors alluded to ; when the doors were shut all the air 
Passed over the Furnace, but when open, part of this air passed along the 
horizontal drift into the shaft, diminishing the intensity of the Furnace 

• 

^ the latter case, and increasing it in the former, though adding to the 
'distance of the air over the Furnace. 

The Killingworth pit is 14 feet diameter, but it is divided by air- 
^ht timber brattices, or partitions, into 4 compartments, two of them 
■^ciAg used as downcast shafts, one as an engine shaft, and the other that 
ui 'which the experiments were made. Fig. 6, shews the distribution of 
^he Jets, 29 in number, when placed at the bottom of the pit — the same 
Jets as used at Hetton. The Killingworth shaft is 690 feet in depth. 

The same care was taken in the prosecution of those experiments 
*• with those at Hetton Colliery. 
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The distance which the air travels at Eillingworth is very di: 
rent from that at Hetton. The division of the shafl at Eillingworth u 
in the experiments, not being in use for Ventilating the colliery at 
The Ventilating shaft being entirely an upcast pit, 12 feet diameter, w 
two Furnaces. A small portion only of the workings around the si 
was used for the experiments, and regulators were put in to countei 
the effect of the short run. The total distance which the air travel 
was only 1,213 yards, the distance which the several currents travel 
being as follows : — in a single current 160 yards, in two currents i 
yards, in three currents 533 yards, and in 4 currents 187 yards. 1 
dimensions of the regulators are given in the experiments. 
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TYNB MAIN COLLIERY EXPERIMENTS. 



The experiments at TyneMain weremade with theFarnace,|uid with 
the Steam Jets at the top of the pit. I have previonslj stated the reasons 
why these experiments were made, viz i — that the increased area of the 
shaft, near the top, admitted of the Jets being placed within the pit, the 
area within the cylinders, (when the interstices were closed up,) being 
nearly equal to the area of the shaft generally. 

Fig. 7, plate II., shews the mode in which the Furnaces were ap- 
plied at this colliery ; A, being the shafl, B B, the Furnaces, and D, the 
sloping drift to the shafl. Fig. 9, is an elevation of the two Furnaces, 
and Fig. 10, a plan of the same. Fig. 8, shews the Jets placed at the top 
of the pit, e /, being the level of the surface. The boilers in this case, 
being about 30 yards from the top of the pit, and the steam conveyed from 
thence to the Jets, with a pipe 6 inches in diameter. Fig. 11, shews the 
disposition of the Jets within the area of the shaft, 61 in number, the 
same Jets as were applied at Hetton and Killingworth, -^ths and f ths of 
inch in diameter. 



The workings of this colliery are not very extensive. There has 
heen about 50 acres of coal entirely taken away, the space forming the 
^af of the colliery. 158 acres of coal has been partially worked, about 
one-third excavated and two-thirds remaining in pillars. There is, there- 
fore, a space of 56 acres of excavation, and 50 acres of goaf to ventilate 
^i feet in height. 

The total length of air courses is as follows : — 



No. 1, split 40,000 cub. ft. f- min. 


No. 2, split, 66,000 cub. ft. '^ min. 


No. of 
Currezits. 


Distance 
traTelied 
in feet. 


Quantity 
of Air in 
cubic feet 
V" minute. 


No. of 
Currents. 


Distance 

travelled 

in feet. 


Qaantity 

of Air in 

cubic feet 

V- minute. 


1, Zf u . . . 

3 

1,2 

1 

2 


396 
1,782 
7,392 
1,716 
3,498 
2,112 

396 


40,000 
15,000 
25,000 
12,500 
12,500 
25,000 
40,000 


4, 5, 6... 
6 


792 
5,950 
1,716 
2,442 
1,980 

792 


66,000 
26,000 
40,000 
20,000 
20,000 
66,000 


4,5 

4 


5 


1,2 

1, 2f o... 


4, 5, 6... 



The following tables are the experiments made : — 
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TABLE XVII. 

of Ssptriment on the Furnace at Tyne Main CoU 
January 2Qtk,\%!iZ. 





Trmpkratobb. 


Gaook. 


i^s-i 




Tian. 
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^^1 
1-^^ 
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nrl, 
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6 o'clock 
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6e.95i; 
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1 o'clock 




50 




161 








103.907 


















-■^ll 




































1M 










4 >. 




ao 












109,933 




*30„ 










IKO 
















63 


LIS 












5'30 „ 
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49-7a'' 
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63° 


16r75 


14i*& 


■904 


■92S 


101.876 





TABLE XVin. 
Synopiit of Experiment at Tyne Main Collier j/, on the Steam Jet», 
tutmber, ^gtht diameter each, without the cylinders, January 28, '. 



Tl«». 


DiaoBinioM oi> 

Ell'IKIHEI'T. 
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«..,n.. 
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IJ 
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1 




COKBUIIT 
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NH. VeDlUBtton . . 
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JsUaloao 
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(IS 
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40 

40 
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s,6Gaibi!. 
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36 
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61 
NORWOOD COLLIERY EXPERIMENTS. 



The experiments at Norwood OoUierj were made bj Mr. Green- 

^ellylorthe purpose of testing the comparative powers of the Furnace, and 

Steam Jet, — the area of the Furnace bars being precisely the same as the 

^<ti of the fire bars of the boiler ; and, likewise, for the purpose of 

teiting their comparative merits in shafts of small depths. 

Figs. 1 and 2, Plate III., shews the manner in which the Jets were 
i^pplied, A A, being the shaft. The shaft was divided bj an air-tight 
timber partition or brattice, shewn at c d, Fig. 1, and d d, Fig. 2, the air 
pMsing down the side A, and returning up the opposite side, a a a, 
1%. 1, shews the steam pipe leading from the boiler to the Jets, which 
'Were placed at b, 180 feet from the top of the pit ; and e e e, Fig. 2, shews 
tie distribution of the Jets in the shaft. The Furnace is shewn at ^, 
^. 1, at the bottom of the pit, and 252 feet from the surface, B, Fig. 3, 
being an elevation. 

The shaft is 11 feet diameter — the area of the downcast being 
'3,766 feet, and the upcast 18,323 feet ; the brattice occupying the re- 
*^*iiider of the area. The steam pipe a a a, was 3 inches diameter, the 

**®Uer with which it was connected being 28 feet long and 6^ feet dia- 

^^Ut ; the number of Jets were 26 ; ^^ths of an inch diameter each. 

*-tte steam was kept at 33*8 lbs. per square inch during the experiments. 

^^^ area of firt grates of Furnace and engine fire was 5 feet by 4 feet each. 



Th« following Tkbl« will ahaw the remit of the «x.p»riineiite : — 

TABLE XIX, 

Syiu>ptU of ExptrimtitU e* Fitrnaet and Sltam Jet Ventilattio* at 

Norwood CoUitry. Aupul, I8S2. 



TIKS. 


DEBCaiPTION OF 

EzPBaiwnra. 


i 

1 


TlUPtBATDBI. 


1 


II 


i 


1' 


|| 


From Surluc 
al Upcut. 


III 


j! 


11 [.th. 


'""■■ 


Aug. 10 
„ 13 


Jett ilane, Bord 
end Door* open... 

JeWnlono, Bord end 
DoorB cloud 

Stenm alone, do. ... 

FnmBce alone, do- 

Jeta alone, Bord tnd 

Furnace ilane, do . . . . 
Fnrnace aud JeW, 


29'16 


59" 


64 

64 

64 


si" 

100 
100 


fl8' 
S8 

:l 

112 


fb». 

6955-2 
6955-2 

7324-B 
967-68 


■26 

-20 
■30 

-10 

-30 
■40 

■50 


9,690 

6,000 

2,8S0 
7,200 

B.O0O 
8,472 

9,000 

8,000 
9,60U 

11,064 




FurtiBoealune, Bord 
endDoora closed 

Furnwe alone, Bord 
end Dpora open ... 

FuTDBce and Jeta, 
Bord end Doors 
op™ ■■ 





We ih&U now inTestignte the practicd resnlta of the foregox 
experiments. In the fiiat place, KoweTer, it will be necefn&iy to defc< 
mine the resistuiceB opposed to the moving powers of the Fomaco aP 
Steam Jet, in order to compare their efficient performances in prodncii 
Ventilation, 



I have previouslj stated, that, I employed the Water Qange 
measure the power required to force the current of air around the workin. 
of the mine, and I have described the mode in which this was taken. ] 
the prosecation of these experiments, the amount of Water Qauge «: 
hibited, when the current was moved at different rates of velocitj, wi 
accurately taken ; and the forcing Tablee will show the Water Oso] 
in a gnat rariety of caaea, and at very various velocities of cnnent. 



The following T&bles ue the reanlt of theae experiments :- 



TABLE XX. 
"^rt>crme7at made to dtttrmine rt« Power requirtd to produce different 
TdocUiet of CwrreiUiof Air in CoalMines, oKertained by tlie Height 
cf Water Gauge. 

HXTTOK COLLIEEI. 



t>EscBimoN OF Power. 




H , 




=11 

111 

*.= ' 


OBSBftv.nONS. 




J BoUei Fire*, uid 3 Foraaoe.. 


1862. 
Oct. 12 

Oot:29 

Ocr.3U 

Oot.Sl 
Nov. 8 
No't.13 

Dec.ll 


7- P.K. 
9- v.ii 
7-BO P.ii 
8'16 ,. 
S'SO ..» 
»■ 0.-B 
6-0 „ 
8-lEi.ii 
»■ ,. 

9- „ 

10-30 „ 
11-30 „ 
12-30 ,. 
1-30 P.B 
3-30 ,. 
4-30 „ 
5-30 „ 
0- „ 
6-26 „ 

8- Oa.1l 

11- .. 

12- „ 
8-30 „ 

4-ia „ 

6-Bfi „ 


1-4 
1-3 

1-5 
1-E5 

■a 
■a 

1-5 

-SB 
1-35 
1-4 
1-fi 

■fi 

■6 

■6825 
•SGG 
-66 
1-76 

lae 

20 
2-05 

■55 
■7 
-8 
1-17 


198,281 
187,mH) 
201,274 
206.63a 
130,890 
138,176 
207,093 

ge,4u 

301,960 
208,443 
312,907 
123.483 
132.063 
130,847 
164.378 
163.6U 
127,145 
211.193 
325,178 
329,918 
234,118 
117,908 
121,164 
129.369 
146,010 
166,826 
194,075 






1 Boiler FlrcB, and's Puniaoes. 








S Boiler Fire. 

aBoilorFi™,JetiSMia8Fnr- 




Natnnl WtiutloD....- 

'■UTDMe. 

t Boiler Firc^ sad 3 FiUDaetn. 




Natural Ventilation 




















\ KotnacM, aod 2 &i'l« PiV^ 
3 KDrnac«,and 2 Boilet Firm 








! BoUer Firee 

a »,rilCT Fi™, and Steam ... . 
2 r>o.uidJeta 




2 Bollei Fires, Jebi,"ud"lFDr- 







TABLE XXL 
BxperifnenU on Water Gauge continued. 

ElLUSaWOBTH OOLLIBBT. 





•3| 
ll 


ll 

4 




ll 


OBSEItmiONl. 


NiLtnral TcDtllatioD 


Noi'lS 
NoV.M 

;; 


8- Op.b 

e- ,. 

E-40*.ii 
B-H „ 
7-17 „ 
7-30 „ 

7-iO „ 

810 „ 
8-3a „ 
B-60 .. 
10- 2 „ 
lO'iy „ 

11-ai „ 
ja-o „ 

12- B „ 
B-46j.11. 

ii'4a „ 

12 8S „ 
8-40 i.11. 
8-28 „ 
9-69 „ 

12- 8f.1L 
1S6 „ 
2'26 „ 

10-46 Z 
11-fiO „ 
12'IS „ 
12'60 „ 

I'aOj.B. 

1'60 „ 


■16 
!■ 
■]B 
63 
■82 
■87 

llO 
1-05 
■80 

■70 
1- 

•85 
■80 
1-lfi 

■26 
■60 
■05 

I'i" 

■SS 
■26 

■5S 
■70 
■87 
■96 
1'25 


8.888 
24,625 

8,494 
16.134 
16.778 
14,984 

16,a69 

S4,184 
24.1S4 
14517 
15,390 
13.706 
26.323 
26.775 

gg 

31,070 
24,S8S 
13,626 
33,065 
35,454 
35.454 
36,731 
88,677 
44,150 
9.176 
28,888 
32.600 
S6,S9S 
37,741 
44,670 


f x 5ft. Sin. 


















Do. 
Rcmilator 0)wiim3 

srt. 6iD. X 4rt- 

(3teauivalveopeai 
t doora itiU abafe 
Furnace doora open 










Do. opsE 














Doom opiiiad. 
Reg. 6ft. Sin x iCt. 












Beg. 6ft. 8in. x *ft. 




















Fnrqsae, sndJela _ 


Do. 



























TABLE XXIL 
Experimentt on Water Qavge corOimud. 

TiNB MaIH C0U.IBBT. 



DEBCBlrtlON or POKKH. 


1 


-n 

<5 


1= 


pi 


0«..„,.. 




1853. 
Jan .14 

)aD.16 


11^23i.ii. 
1-16 p.-. 
8- „ 
4- V 

la^aop-tt. 

2'30 „ 
8-BO „ 


■2 

■326 
1' 
1'3 

■i 

■2 
]-3 
1^26 


34,966 
47,407 
102,600 
108,300 
49,574 
36,873 
102,503 
106.830 
















Jirtn. .' 

NolnrilTeDtiUtioi] 


1 


2 Poruoea, iDd Jeta 


i 



I shall take the experiments in Table XIX., made on the 13th 
N'ovember, 1852, as an example atHetton Oollierj ; and in order to more 
clearly shew the quantities of air produced with the different heights of 
Water Gauge, I haye made a Diagram showing the curve of such in- 
crease, corresponding with the different heights of Water Gauge, which is 
shewn in Plate lY. I have taken the experiments at Eillingworth on 
tlie 4 th December, as an illustration of the effect of the Water Gauge at 
ilutt colliery, the length of the current being very small compared with 
that of Hetton, and where the velocity of the air was obstructed, by having 
to pass through a regulator 22 feet area. The Diagram, exhibiting the curve 
of the different heights of Water Gauge, is shown in Plate Y. ; and I have 
taken the experiment of January 15, 1853, as the result of the Water Gauge 
in Tjne Main Colliery for the same object, Plate YI., showing the curve. 

On an examination of these Diagrams, it will be seen, that the quan- 
tities of air produced does not materially vary from the square roots of 
the height of Water Gauge, or power employed, to produce those quan- 
tities j the dotted lines shewing the line according to the square roots, 
*nd the black line the curve of the quantities actually produced. 

The power required to force the air around the workings, is not 
ho-wever the only motive power required in the Yentilation of a Coal 
Mine. The Water Gauge in these experiments is the power which is re- 
quired to force the current from the one side of the doors a. Fig. 12, 
I^late II., from the down-cast shaft A, around the workings to the other 
side of the doors in its return to the Furnace F. We have in addition 
"to this, the power required to force the current over the Furnace F,, and 
■^p the upcast shaft B, 

This would appear of little moment, looking at the distance 
'^h.ich the air has to travel from the side of the doors at a. Fig. 12, to 
^h^e shaft B, and so to the surface, compared with the extent of air courses, 
^^ shewn on the sketch in the Plate. But we shall see that this dis- 
^^^^ce absorbs a considerable portion of the ventilating power, and pre- 
*^^t8 an important element in the theory and practice of mine ventila- 
tion. 

Thfi air has first of all to pass over the Furnace ; and in order to 
produce the requisite vigour or intensity of combustion, and to consume 
^® ftiel as completely as practicable, the air is thrown upon the fire with 
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great force, the passage over the Furnace being contracted for that pur- 
pose ; this presents considerable resistance to the free motion of the cur- 
rent. The air is now heated and expanded in bulk, its velocity is cor- 
respondingly increased, and as has already been demonstrated, the resist- 
ance being as the square of the velocity, the increased velocity presents 
increased resistance. It may be, that in practice the shaft may be made 
of a correspondingly increased area, so that the additional resistance due 
to the increased velocity of the current by its expansion is counteracted ; 
but our intention being, to ascertain the relative resistances at different 
rates of velocities induced by the increased temperature of the air, the 
experiments have of course being made in shafts of the same areas. 

In order to shew the curve resulting from the resistances over the 
Furnace and up the shaft, at the different velocities, I have made Dia- 
grams similar to those exhibiting the power required to force the air 
around the workings, which Diagrams are shewn in Plates YIL, VIII., 
and IX. 

The first column in these Diagrams shews the temperature of the air 
passing down the downcast shaft — the weight of which per square foot of area 
of shaft will be seen in Table IIL, — ^the second column is the mean tempera, 
ture of the air passing up the upcast shaft, the weight or pressure of which 
per square foot area can be similarly ascertained, — the third column is 
the velocity of the air in passing down the downcast, — the fourth colomn 
shewing the increased velocity in the upcast by the increased tempera- 
tures, — the fifth column is the quantity of air passing round the mine in 
cubic feet per minute, measured by powder smoke in the downcast shaft, 
— the sixth column is the amount of Water Gauge, or power required, in 
fi>s. per square foot of area of shaft, to force the air around the workings ; 
— and, the seventh column shews the power required to force the air over 
the Furnace and up the upcast shaft ; being obtained by deducting die 
amount of Water Gauge in the sixth column, from the difference between 
the weight of the column of air in the downcast, and upcast shafts : thus, 
A being the moving power or weight of column of air in the downcast, — 
B the weight of column in upcast, — O the Water Gauge, — and (/ the 
power required to force the air over the furnace and up the upcast. 

Then, A^BCC and G' = A—BC. 

An examination of these Diagrams will shew, the comparative 
^crease of power required to force the air up the shaft, and that reqoiivd 



to force the air around the workings ; especially in the case of Tjne 
HC&iii, where the velocitj of the air through the cylinders of the Steam 
Jet was excesshrelj great, nearly 64*5 feet per second, or 3870 feet per 
mixinte. The power expended in forcing the air over the furnace and up 
the shaft, heing in this case greater than what was required to force the 
around the workings, as will be seen on diagram, Plate IX. 



I shall not pursue this part of the enquiry further at present, as 
tlie experiments when closely examined wilj, I trust, give all the informa- 
tion requisite for the object of this paper. This part of the subject iS) 
kcweyer, of such great importance in the theory, practice, economy^ and 
efficiency of Mine Ventilation; that I presume the Institute will not rest 
satisfied until it has made itself master of all the information requisite to 
a complete solution of the entire subject. 

It is now necessary, before proceeding further, to notice an impres- 
sion of some consequence, which was strongly urged before the Committee 
<*f the Lords in 1849; and which, if it had not been made the subject of 
uivestigation in this enquiry, might have received confirmation, and if so. 
Would have produced an erroneous conclusion of the facts as regards Coal 
Mine Ventilation. I allude to the supposition, that the current of air in a 
^tUne requires some considerable period of time to be put in motion, or to 
^ made to acquire its maximum velocity; and when in motion that its 
JBiomentum causes it to retain its velocity some considerable time after the 
^mLpulflive power is withdrawn. 

The following is one of many experiments made to determine this. 

I*^ the experiment of Nov. 13th, at Hetton Colliery, the Furnaces were put 

out, the Engine Fires were damped, and the temperature of the air in the 

upcast reduced to 74°; and the quantity of air passing through the work- 

^gs reduced to 80*182 cubic feet per minute. The Furnaces were then 

^0ited. The velocity of the current of air passing towards the Furnace (7, 

*ig. 3, Plate I., was measured by one of Biram's most improved 12-inch 

•^emometers within 50 yards of the Furnace. 

The time during which the vernier of the Anemometer marked 
1000 feet was correctly noted, and the following was the result : — 

K 





TIME. 


H. 


M. 


8. 


3 


48 


47 


3 


50 


50 


3 


62 


53 


3 


54 


52 


3 


56 


55 


4 


8 


55 


4 


9 


57 


4 


10 


57 


4 


11 


58 


4 


12 


58 


4 


13 


55 


4 


14 


52 


4 


15 


50 


4 


16 


46 


4 


17 


42 


4 


18 


39 


4 


19 


34 


4 


20 


m 
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NATURAt VENTILATION. 



Commenced experiment, Temp. 75®. 



H. X. 



Four revolutions of anemometer *= 4,000 feet, in... 8^ 

Applied the fire to the fiimaces at 4 h. 3 min. 
Commenced experiment. 

Four revolutions = 4,000 feet, in ■ 4 



Four revolutions = 4,000 feet, in 



Four revolutions « 4,000 feet, in 3 



The Water Gauge also shewed how rapidly the current increa® 
in velocity : — 



H. M. 8. INCHES. 

4 -45 

4 3 -70 

4 5 -90 

4 6 1- 

4 7 1-30 

4 8 1-40 

4 9 1-46 

4 10 1-60 

4 11 1-6 

4 23 1-76 



These results took place, the measurement of the air heing tal^ 
near the Furnace, 0, Plate L; and the Water Gauge applied at the do^ 
between the downcast, or air entering the workings, and the air retumL.- 
from the workings, as at the doors, a, Fig. 1, Plate II. The quantity of ^ 
entering the mine was, however, measured every half hour at the respects 
downcast shafts, and the following was the result : — 



Time. 


E. and W. Minor. 


Eppleton. 


( — 

Elemore. 


Total. 


U* M« 


C. F., per min. 


C. F., per min. 


C. F., per min. 


C. F., per min — 


3 30 

4 80 


80-182 
188-353 


46-400 
62-640 


6-563 
10-200 


127-146 
211-198 



The distance which the currents of air had to traverse between 
respective downcast and upcast shafts, will be seen by an inspection of 
Table of the Hetton Ventilation — Table I. Appendix. 
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The same comparatiye result took place on the application of the 
Stem Jets, 37 in number, ^th inch diameter. Steam, 40]bs. per square 

STEAM BLOWING INTO FURNACE DRIFTS. 
H. If. s. 

il CO 25 Commenced experiment. 

11 £2 25) 

^i m S0> Three revolntionB in 6 min., nearly 1,000 feet in 2 min. 
il £6 24 ) Jets set on. 

n £9 35 

12 1 11 }> Four revolutions in 6 min. 32 sec., or 1.000 feet in 1 min. 38 sec. 
12 2 45 

12 4 33. 

The effect, as shewn by these experiments, and which was corro- 
borated, by several others, which it is not necessary to give here ; shews, 
™ it requires only a very short time indeed to put the entire current 
w a coal mine into its maximum velocity. 

I shall now proceed to ascertain the relative power and efficiency of 
^ different modes of Ventilation, as elicited by the preceding experiments. 

The following Tables shew the general result of the experiments 
*' fletton, Killingworth, Tyne Main, and Norwood Collieries. 
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Jets at Bottom of Pit. 










1 












_x^ 














r~ 












■"•^ 








• 

o 

• 
























1 


4 


« 

o 


• 

o 


• 

o 


4 












1 














• 

.9 












o 

• 

a 


• 

d 










i 










• 


4 

X 


X 


• 

o 


• 

o 


• 

O 


i 


>* 


a 


• 






<te 


m 








■M 




*tt 


«M 






CO 









.a 

OB 







o 


o 


o 






i 

a 


'^ 

d 


« 




O 

1 




2 


o 

«2 


f 






c 


1^ 


"^ 




■s 


t 




«8 


«8 


18 






5r 


• 

O 


• 
o 


• 

o 


• 
o 


1 


1 

•^ 


5 






tf 


Q 


Q 


Q 


O 


U 


Q 


•^ 






'a)Tiinin jad 


• 
• 


• 


« 


p-4 


• 
• 


o 


o 
to 




3 


• 

1 


§ 


is 


)aaj biqno 


• 


• 


• 


•-< 
eo 


• 


• 




•ft 

eo 


^ 


«ti 


•k 

CO 






















8 

g 

& 




1^ 


•9jm 


• 


• 


• 


e 


• 


eo 

00 


;b 


FN 


** 

s 





fS * 


-vaadmax 


• 


• 


• 


kO 


• 


•M 


•-H 


1^ 


eo 

1-4 


CO 

1^ 


• 

s 

o 


'a^nnrm lad 


3 


• 




i 


s 


s 

eo 


FN 
it 




1 


^ 

^ 


-a 

§ 
1 


;aaj aiqno 




• 


8" 


s; 


• 


ss 


eo 


s" 


•ft 

S8 


ti 


•aim 


• 

2J 


• 


s; 




■ 


s 




s 


S 


o^ 


1 


-uadmax 


o> 


• 


•-H 


1^ 


• 


•-H 


•-H 


•-H 


2 


• 

a 




o 


o^ 


3 

f-4 


oi 


§ 


t» 


^ 


00 


<o 




00 


a 

s 

09 

S 
1 


'd^naim aad 


to 




s 


;; 


g 


fH 
© 


« 


• 


fH 


}aaj oiqno 






s" 


s 


eo 


s* 


3 


Si 


•ft 


1 


e 


Huadinax 


S 


S 


s 

1^ 


5 

1^ 




• 


l-H 
•-< 




o 


•-» 


























i 


*3}ninin lad 


• 
• 


1— 1 


00 


• 


to 


• 
• 


00 


* 
• 




• 


4 


}aaj oiqno 


• 


1— 1 


04 


• 


s* 


* 


s* 


• 


s* 


• 


El 
























01 

CO 


-ajn) 
•^Biadmax 


• 
• 
• 


e 


s 


• 
• 


C9 

•-< 
1— 1 


• 
• 
• 


s 


• 
• 
• 


o 

s 

1^ 


e 
• 

• 


• 




00 


"^ 










to 


o» 


o 


Oi 


atural 
tilation 


•a^nnnn lad 
%99} oiqno 


00 


00 


• 
• 
• 


• 
• 
• 


1^ 


• 
• 
• 


l-JI 


1^ 


CI 

1— 1 


•ft 

1^ 
























Z o 


-viadmax 


• 
• 
• 


's 


• 
• 
• 


• 
• 


f4 


• 
• 


Q 


• 
• 
• 


^ 


% 






















^ 






• 

M 


4 


• 




• 


• 


•ft 


• 


r-4 








< 


2 


•» 


^ 
•» 


m 
^ 


• 


•ft 


•» 
•» 


•ft 


8 a 

• 


1 






















Q 





72 



09 

H 



e 

.s 

o 



a o 

J3 ^ 



o 
a 
2 

IS 
I 



5 S 




o Is 

P 



Jig 

t3 O. 



'8Jti)«jadai0X 



o 









« a 

2 fl 

3 a 
OS. 



'8ajn;u8dinax 



N 

o 



OB 



3 a 

02 



Ol o 



00 C9 



m CO 



o 



1-4 m 






5 



e 
CM 






CM 



oo 

00 



'0JTi)«ji8dai8X 



I 

g 



IS. 



ain^vjadmax 



M 
H 

Q 



o 

<o to 



»A CO 
0> 00 



to 



to 

CO 



e 

CM CM 

to to 



e 
CM 

to 



e 

to 



Oi 

•k 

CO 



to 



OS 

•J 
•J 

O 

o 

Q 
O 
O 

o 



GO 



s 



i 

to 

•ft 



CO 






s 





CM* 



o 
GO 



^ -^ ^ ^ 

s ;2; s a 



00 




& s 



SP 



CM ^ ^ 

g 2 g 






Z 
^ 









The foUoTing Table is the mean result of the expertments mEide 
Betton Colliery :~ 





^:fc^ 


Cubic F«l 


!.«»» 1 


DesckipiiqhotPoweh. 


t™^ 


Cub. ft. of Air 




80- 
89 
94-5 

101 -5 
170-5 
180-& 
188 




10.575 
7.459 
26.621 

40,344 
3.225 
6,236 


: mine Fires - - 


132.05S 
1J9.512 
166.13:) 
206.477 

214.938 
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DilM ditto and Jets 


Ditto Engine Fires and SteBm 
Ditto ditto sod Jets.. 



The following Table are the eiperiments made with One Furnace, 
oeinber 11, 18S2:— 





TABLE XXVI. 










■rcr." 


Cubic f«( 


IncRiisi. 1 


Descbiftion of Power. 


till*. 


Cab ft, of Air 




80- 

81 
82 
B8-7 
95 


117,908 

121,464 
129.569 
1111,010 
ieii.H'i6 
104,0/5 


!■ 
1 

0-7 
6-3 
29 


3.556 
8,105 
16,141 
20.816 
27.219 






Ditto ditto andJ^ 









The following Table is the mean result of the Killingworth 
EMriments : — 

TABLE XXVII. 





pf Upcut. 


Cubk f«l 


.„..„.. 1 


Dkscbiption uv Powkb. 




^^^^.^: 




68- 
100 
104 
153-5 
173-6 


12,040 
30,173 
34,456 
38.050 
44.360 


32- 
49-5 


18,432 . 
3.8S4 
.■1.594 
6,310 








oniKe, f<l»im, .id Jet. 
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And the following Table is the mean resolt of the Experiments a 

Tyne Main : — 

TABLE XXVIIL 



Dbscbiption of Powke. 



Natural Ventilatioii 

JetS..»...»*M««*.Moe.... 

Fomace..— .M .«.. 

Fumaoe and Jets .. 



Mean 

Tempermtare 

of Upcast. 



62- 
62 
211 
235 



CubiefBet 

of Air 
per minute. 



35,914 

48348 

97,000 

105,441 



laCKBASB. 



Tempera- Cab. ft of Air 
tore. per minute. 



149* 
24 



12,434 

48,652 
8,441 



I shall now endeavoor to elucidate the practical redolts exhibited 
by these experiments ; and, first of all — 

Natvbal Ventilation. 

On an examination of the Tables and Diagrams, it will be seen 
that the amount of Natural Ventilation is very considerable, amounting, in 
the case of Hetton, to one-half of the most vigorous Ventilation produced j 
at Killingworth to nearly one-third; and at Tjne Main Colliery to fulljf 
one-third. The general temperature of the return air at Hetton is 69°, so 
that the mean temperature was IP above that which the Natural Ventilation 
would produce in the shaft, leaving 104,775 cubic feet per minute due to 
a temperature of 69°. At Killingworth the meitn temperature of the 
return air was 60°, showing 8° less than the temperature in the shaft, and 
leaving 10,623 cubic feet per minute for Natural Ventilation. Hetton 
arising firom the upcast, not being cooled down sufficiently, and Eolling- 
worth from the heat given out by the steam pipes passing down the shaft. 
Tyne Main, the temperature in the shaft, and of the return air, was pre- 
cisely the same ; and, therefore, it was an accurate experiment of the amount 
of Natural Ventilation, on the day the experiment was made, amounting 
to nearly 36,000 cubic feet per minute. 

I have, however, previously remarked, that Natural Ventilation is 
not to be depended upon — that the amount will vary as the temperature 
on the surface varies; the temperature in the mine not varying very 
materially in the different seasons of the year. It is necessary, therefore, 
that this should be attended to, in the practical Ventilation of the mine ; 
and, if furnaces are used, that a more vigorous combustion should be urged 
in summer, to make up for the diminution of weight of the downcast airj 
by its increased temperature; and that if the Steam Jet, or mechanical 
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power, ifl applied^ that they should be made to act more powerfully in 
summer than in winter. 

The next description of power to be considered is, the 
Boiler Fires, or Engine Fires. 
I The only place where this was experimented upon was at Hetton, 

I where the boilers are placed at the bottom of the pit; at Killingworth and 

Tyne Main, the boilers were on the surface. The heat of the boiler fires, 
as measured by the temperature of the air in the shaft, acts precisely in 
the same manner as the furnace, by increasing the temperature, and so 
diminishing the weight of the column of the upcast shaft. I shall after- 
wards go into the question of the comparative consumption of coals between 
the engine fires, and the furnace, in producing the same temperature in 
the shaft; the question at present being as to the comparative efficiency 
of Ventilation of the column of air in the upcast shaft, heated by natural 
heat, and by the heat from the engine fires ; or the additional amount of 
Ventilating power by the engine fires over the natural Ventilation. We 
kare, in Table XXV., an addition of 10,575 cubic feet per minute, by the 
boiler Fires over Natural Ventilation ; and, we have 121,478 cubic feet of 
^ir produced by a temperature of 80°, or 1,518 cubic feet for each degree 
with natural Ventilation ; and with the engine fires, 132,053 with 89°, 
^oal to 1,483 cubic feet for each 1° ; the additional quantity of air, in this 
^tter case, shewing an increased resistance. If we, however, take the latter 
^'^^se then 9° should have produced 9° X 1,483 = 13,355 cubic feet of air; 
whereas it only produced 10,575 cubic feet, or 1,175 cubic feet for each 
"6gree of temperature. The conclusion being, that the smoke from the 
^'^gine fires adds to the density of the column in the upcast shaft, beyond 
*hat of a column of equal temperature heated by the natural heat of the 

We have next — 

Engine Fires and Steam. 

In the Hetton experiments, Table XXV., the increase by 5'°5 of 

^perature over the engine fires, was 7,459 cubic feet of air, or 1,356 

^^'^oic feet of air for 1°; which is greater than the quantity for each degree 

'^^'^Hced by the engine fires — though a still further increased resistance has 

■^ overcome, by the increased velocity of the air. But, in this case, the 

^^ is mixed up with the smoke from the engine fires, and it is difficult 

^^termine what is due to each, although this experiment is sufficient 

^V^ew that the steam, by presenting a column of less specific gravity 

^^^X the engine fires, produces an increased effect. 
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The experiments at Killingworth, Table XXVII., is, however, mo 
decisive. In this case, the steam was applied, in addition to the natur 
heat, without any smoke, the boilers being at bank, and the steam convey 
to the bottom of the pit in pipes. 

The natural heat of 68° gave 12,040 cubic feet per minute, or L 
cubic feet of air for 1°; and the steam, with a temperature of 100°, p 
duced 30,472 cubic feet of air, or 304 cubic feet of air for each degree 
temperature; though the increased quantity of air increased theresistar 
the water gauge being, in the former case 1*50 lbs. per square foot, andi 
the latter 3-30t)s. 

This will also be seen on a reference to the experiment on Dec< 
ber 4th, and to Diagrams V. and VIII., representing that experim^ 
It will be seen, also, that the resistance in the shaft is less with 
steam than by Natural Ventilation, in the proportion of '38 to 1*02. 
thus see, what an important element of Ventilation steam is, applied at 
bottom of the pit, and how likely we are to be deceived in the powei 
the Steam Jet, by not taking that element into consideration. 

The value of steam as a Ventilating power, independently of bei: 
used as Jets, is shewn by a careful examination of these experiments, I 
the Killingworth experiments. Table XXVII., the steam heated 30'4i 
cubic feet of air 32°, or, 975*104 cubic feet of air 1°, we can thus asce 
tain the economy of employing steam in this manner. The quantity 
steam used, could not, in this experiment, be correctly ascertained, b 
three boilers were at use in the manner described in Plate IL, evaporatii 
upwards of 2^ cubic feet of water per minute, the steam being convey 
down the pit by a pipe 10 inches diameter, and the steam being ke 
blowing off into the shaft at 40Bbs. pressure per square inch during t 
experiment; the quantity was sufficient to keep 29 Jets f th inch diamei 
or an area of 1,423 inches, supplied with steam, as shewn in Plate I 
Figs. 2 and 3, at 405)S. per square inch. 

We now come to the application, and performance of the Stea 
Jet, as a propulsive power; above that due to the rarefaction by the heat 
the boiler fires, and of the steam in the upcast shaft. 

Steam Jets. 

I shall take the case of the application of the Jets, at Tyne Ma 
Colliery first, as being applied at the top of the pit, and as acting sole 
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a propulsive force, and not being affected by the heat of the engine 

fires, or of the steam in the shaft. In this case, the temperature of the 

air in the upcast shafl, was precisely the same, when the current of air was 

produced by the natural heat of the mine, and during the application 

of the Steam Jet ; so that, on this account also, the Jets were not effected 

l>y the heat of the shaft. Fig. 8, Plate II., shews the mode of application 

at the top of the pit, 60 feet from the top of the shaft A., and level with the 

surface. Fig. 11 shews the Jets, 61 in number, Jth inch diameter each, 

= 1,684 inches area. Cylinders being placed over the Jets, and the 

interstices between the cylinders, made quite air tight, so that the whole 

of the air and steam had to pass through the cylinders ; and this was the 

case with the Natural Ventilation; and also when the Furnace was applied, 

the area through the cylinders being 40,258 square feet. The area of the 

shaft itself for 102 feet midway down, being 44 18 square feet, and above 

and below that, 50257 square feet. So that we had 6 feet 40*258 ; 102 

feet, 4418 ; and 564 feet, 50*257 square feet area. 

Table XXVIII. shows the Natural Ventilation, 35914 cubic feet 

P^r minute, and the Jets, 48*348, leaving 12*434 cubic feet as the propul- 

®ive force of the Jets ; the temperature of the air in the upcast shaft re- 

^^aining the same during the experiment. No more conclusive experi- 

'^^ent could be made than this, to determine the impulsive power of the 

*^et8, when placed at the top of the pit. The water gauge shewing the 

*orce required to propel the air through the workings, was 2*45)s. per 

®SlUare foot. 

Table XXIII. shews the result at Killingworth, when the Jets 

'^V'ere placed at the top of the pit. The Natural Ventilation was 11*249 

^ubicfeet per minute. With the Jets, the quantity was 23*118, leaving 

^ 1 *769 cubic feet for the Jets only, although the temperature was raised 

*^ the shaft from 65° to 77°, which ought to have given 2,280 cubic feet; 

*lxe Jets in this case realising, therefore, only 9*489 cubic feet per minute. 

-^he water gauge in thig case was 2'15)s. per square foot, the area of the 

*^®t8 being 1*423 inches. 



Table XXV. gives the result at Hetton, and shews an increase of 
^ixtilation by the Jets of 26*621 cubic feet per minute ; but the increase of 

^^perature being 7°, which would give 101-5 7° = 11*522, and which 
^^ducted from 26*621 leaves 15*099 cubic feet per minute, as the eftective 
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impulsive power of the Jets. The water gauge in this case being about 
5*13Ibs. per square foot^ and the area of the Jets 1*816 inches. 

It must be observed, with reference to a comparison of these results, 
that the resistance of the air in the shaft, or through the Jets, in each case 
must be taken into consideration. In the experiment at Tjne Main, the 
velocity through the cylinders was 21*11 feet per second, and at Killing- 
worth 19*96 feet per second. At Tyne Main, the area of Jets wa» 1*684 
square inches, and at Killingworth 1*423 square inches. Taking all these 
into consideration, the correspondence between these experiments will be 
seen to be very near; and, therefore, we may take the Tyne Main experiment 
as a standard, for the propulsive power of Jets, placed at the top of the 
pit, viz., — That steam of 40B>s. per square inch pressure, applied to Jets, 
of an aggregate area of 1*684 square inches, at the top of the upcast shaft, 
will produce an amount of Ventilation equal to 12*400 cubic feet of air 
per minute, the water gauge being 2*4]bs. per square foot, and the resist- 
ance up the shaft 21b, per square foot ; when the velocity through the 
cylinders is not greater than 21 feet per second. And we may add, that 
this result will require an evaporation of about 1*8 cubic feet of water 
per minute without waste, reckoning the velocity of the steam through 
the Jets at 1,080 feet per second; or, as per experiment, 1*83 cubic feet 
per minute, allowing for waste. 

It has been stated, recently, by the advocates for the Steam Jet 
that the top of the pit is not the proper place to apply it ; and that it 
should be applied at the bottom of the pit. No doubt, when placed at the 
bottom of the pit we have the advantage of the rarefaction of the boiler 
fires and steam. But the question before us at present is, does the Jets 
realise a greater impulsive force when placed at the bottom, or, when 
placed at the top of the pit ? 

The experiment, given in Table XXIII., at Killingworth, was made 
to determine this. From this Table it will be seen that the effect of the 
Jets over the Natural Ventilation was 22,416, viz : 34,416 — 12,040 cubic 
feet per minute; when the Jets were placed at the bottom of the pit. The 

increased temperature, however, was from 68° to 104°. Then -^^ x 36® 
= 11,926 cubic feet of air due to temperature; and, therefore, 34,456 — 
12,040 + 1 1,926 = 10,490 cubic feet per minute due to the impulsive 
power of the Jets, when placed at the bottom of the pit. Then, December lOth^ 
23,018 — 11,249 = 11,769 cubic feet over Natural Ventilation; bat the 
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UinpenturewaBincreMedfrom6g°to 77', therefore "^^ X 12° =3,576. 
ud 11,769 — 3,576 = 8,193 cubic feet per minute, the impuhtve 
power of the Jet, when placed at the top of the pU. It must, however, 
betaken ioto account, that when the Jets were placed at the bottom 
of Ihe piti the openings around the Jeta, or cjlinders, were not closed, 
nd that the area of the space, through which the air and steam had 
topasi, was about 30 feet; whereas, when the Jets were placed at the top 
ofthepit^ the air and steam had to pass through the cjlinders of an area 
of little more than 19 square feet. Unless, therefore, the Jets could be 
applied, so that the resistance should he the same in both cases, the experi- 
ments voold not he parallel. It is evident, however, that the bottom o 
the pit \i the preper place to applj the Jets, as in that case the effect of 
tie bailer fires and the steam will likewise be made available. There does 
Dtt, however, appear to be any great difference in the mechanical effect, 
whether the Jets are placed at the top or bottom of the pit. If we take 
tbecaKofHetton, and Killingworth, at the bottom of the pit; and Tyne 
Vain at the top, the following will be the comparative results : — 



Cttllerc St .bi<-b 


m 


11 


H 


1:! 




inide. 


Hi 


it 


■S.3 


il 


PoaUianufJ^. 




ft. per mm. 










fletton 


1,061 


40 


1,816 


15,099 


] 


KiUingworth... 






> Bottom of pit. 


1,083 


40 


1,423 


10,490 


) 


TyneMain 


1,239 


40 


1,684 


12,400 


Top of pit. 


— . 













We see, therefore, that there is no great difference, if any at all, 
"* the impulnve force of the Jets, whether placed at the top, or bottom of 
** pit, and that the result of the experiment at Tyne Main Colliery, as 
P'en above, and the average of Hetton and Killingworth, may he taken as 
'Uodard of the impulsive foree of the Jets ; which is about 12,500 cubic 
^t per minute ; area of Jets, l'6i inches j steam at 40S>s. pressure per 
"^Ure inch ; water guage about 4tbs. per square foot. Let us now see the 
power applied, and the effective performance. The evaporation of water at 
VQb Main was, 1-82 cubic feet per miiiule,x506 = 921 cubic feet of 
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steam at 40lbs. pressure per square inch. Area of shaft 40,258 sqvL^^^ 
feet. Then 4§.|Vf = 22*77 cubic feet of steam per minute for each fb^^* 
area of shaft, at 40ft)s. pressure per square inch. But the velocity of 
air in the shaft is |^:f|^ = 1231-4 feet per minute. Then as 22T 
1231*4 : : 40 : : '7396^3. per square inch on each foot of surfsice of t> 
shaft, moving at the rate of 1231*4 feet per minute ; or '7396x144 
106*5ibs. per square foot, moving at the rate of 1231*4 per minute. Th 

106-5 X 40'2r>8 X 1231-4 



33000 



z= IGO horses' power, the power employed. 



It is difficult to ascertain the precise effective performance; 
have the water gauge equal to 2*4B5s. per square foot, but we have r 
measure of the resistence of the air in the shaft and through the cylinde 
supposing, however, the dotted line, Plate IX., to represent these, being w 
would be the resistance if the furnace had been employed, it would be 2 

per square foot; and this would represent ^—^-^^^^^^^ = ^'^ hoi 
power, effective performance. 




This very enormous loss of power seemed quite unaccountable, ai 
therefore instituted a set of experiments, with a view of endeavourin^^'^ h 
possible, to ascertain the cause. I have previously stated, that ■*:> Jhe 
Killingworth pit is divided into four compartments, by air tight tin:M-"fc>er 
brattices or partitions ; one of those partitions formed the downcast, s^ ^"^d 
the adjoining one the upcast, in the experiments at that colliery, sh^"^?«^ 
in Fig. 6, Plate II. It occurred to me, if I could ascertain the den^i^Ji 
or degree of rarefaction of the air in the upcast, at all the different dept>J^ 
as compared with that of the downcast, at the same depths, when ^^^ 
different modes of Ventilation was in operation, it might throw s<^xiie 
light upon the matter. For this purpose, I had holes bored throughL the 
brattice or partition, between the downcast and upcast divisions ^^ 
the shaft, at every 60 feet in depth from the surface to 600 feet; and tJ^^^ 
at every 3 feet from 600 feet to the bottom of the pit, into which I inse^'*^ 
the water gauge in the same manner as shewn in Fig 1, Plate 11. (*^^® 
door in this case representing the division between the two column s ^^ 
air), and in this manner I obtained the comparative density of th© "^^^ 
columns of the downcast and upcast shafts, at the various depths, v^rb^ 
the different modes of Ventilation was in operation. 

The following Table will show the result : — 
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TABLE XXIX. 
Experiments on the density of the A ir in the Upcast Shaft at KUlingworth, 



Depth of 

Shaft in 

feet. 


Height of Water Gauge in inches. 


• 
d (A 

H 


• 

1 

09 


B 

St 

m O 


• 


o 
a 

v 


60 


•025 


•07 


•05 


■10 


•10 


120 


•025 


•10 




•08 


•115 


•20 


180 


•075 


•12 




•12 


■13 


•275 


240 


•15 


•20 




18 


•20 


•3 


300 


'^b 


•26 




'25 


25 


•35 


360 


•25 


•28 




•28 


35 


•325 


420 


'2b 


•34 




'30 


45 


•3 


480 


•25 


•45 


, 


34 


'57 


•325 


540 


•25 


•50 






•70 


•35 


600 


•25 


•60 




40 


•78 


•35 


603 


•25 


•60 




•42 


76 


•35 


606 


'2b 


•62 




50 


78 


•375 


609 


'25 


•60 




'45 


76 


•375 


612 


'25 


•60 




45 


80 


•375 


615 


'25 


'62 




•45 


78 


•375 


618 


'25 


•62 




•475 


77 


•40 


621 


'25 


•63 




•45 


•77 


•4 


624 


•25 


•63 




50 


70 


•375 


627 


'25 


•63 




'50 


73 


•375 


630 


'25 


'65 




'50 


'70 


•375 


633 


•225 


'62 




'55 


67 


•35 


636 


•225 


•64 




'55 


•68 


•35 


639 


•20 


•61 




•60 


•70 


•35 


642 


•20 


•63 




'15 


•70 


•35 


645 


•20 


•60 




•70 


70 


•325 


648 


•225 


.60 




•72 


•75 


•3 


651 


•225 


•50 




■70 


'77 


•35 


654 


•20 


'58 




•675 


•76 


•3 


657 


•20 


•60 




•675 


•70 


•325 


660 


•20 


•60 




'55 


•74 


•3 


663 


•20 


•60 




•50 


•78 


•3 


666 


•20 


•GO 


'55 


•80 


•325 



For the more clearly exhibiting the effect of the different moving 

X^owers, I have made two diagrams, — Plates X. and XI. It will be seen 

^hat below 600 feet the Water Gauge was taken every 3 feet ; — this was 

^one to shew more clearly the effect in the immediate vicinity of where the 

xTets and Famace were applied, and the result will be found interesting. 
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It most^ however, be observed, that these diagrams do not exhibit 
the actaal degrees of rarefaction in the upcast shaft, but the comparative 
densities only, between the air in the downcast and the upcast shafts, at the 
various depths ; the comparative areas of these diagrams, however, shew 
generally, the comparative ventilating powers of the different modes. 

On a careful examination of these diagrams, it will be seen, that 
the Natural Ventilation presents a column of nearly uniform density 
throughout ; near the top of the pit, the relative densities may be dis- 
carded. The steam is the same, especially in Plate XL, only shewing by 
its increased bulk the comparative elasticity of the column. The Furnace 
diagram shews an increased rarefaction in Plate XI., where the heated air 
enters the shaft, and for a considerable distance up the shaft in Plate X., 
when it gradually diminishes, as the depth from the surface becomes less. 
The steam Jets at the bottom of the pit exhibit a considerable increase 
of effect a little below, and immediately above the Jets ; as much as the 
Furnace, but in a short distance it falls off, and the column gradually 
diminishes like the others ; but it is to be remarked that though thes 
quantity of steam issuing from the Jets was the same, the column No. 3 
of the Steam Jet is much more dense, above 600 feet from the surface thajz 
the steam No. 2 ; shewing an increase of effect at and near the Jets, but a 
loss of effect in the upper part of the column. I had supposed, seeing tha^ 
the effect both of the Furnace and the Jets, diminished towards the upp^ 
part of the column, that the application of the Jets at the top of the p= 
would have compensated for this ; — and by exhausting the upper end ^ 
the columu, we should have had a much greater combined effect ; wh^ 
we had the Jets at the top drawing out the air at one end of the colum 
and the rarifying power of the Furnace acting at the other end. And tH 
result shewed that such an effect did to certain effect take place. It w 
be seen that in No. 5, with the Jets at the top of the pit, an increase 
effect is obtained for at least half-way down the shaft, when the effe^ 
falls off, and diminishes much below that of the steam alone ; but st — 
nearly equal to the Jets placec^ at the bottom of the pit, except in thos 
immediate vicinity, and within the operation of their impulsive power. 

The diagram of the Jets shows pretty clearly the operation of 
application of this power. Immediately below where the Jets are appl 
an increase of effect takes place, shewn by the increased rarefaction of 
column, and produced, of course, by the propulsive force of the Jets act 
on the column above, and creating a partial vacuum, or rarefaction, i 
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mrliicli the air from below rashes. [This was shewn, also, by some experi- 
mez&ts at Tyne Main Colliery, by placing the Water Gauge with one end 
o£ l^hc tube within the npcast, and the other end communicating with the 
on.f>er air. The Water Gauge immediately below the Jets was *24 to *275 
o£ &n. inch, and immediately abore the Jets *18 to *2 of an inch. The 
Vv^&ter Gauge at the Furnace doors '2 Natural Ventilation, and *325 to *4 
irlxeii the Jets were applied.] Immediately above the Jets an increased 
effeot is likewise seen ; but, this only takes place for a comparatively short 
dist&nce above the Jets ; — when such effect of, in fact, pushing up the 
ooliimn, appears to have the tendency to compress the column above, and 
t]ii&3 to exhaust its power, and so produce a comparatively feeble effect. 

When the Jets are placed at the top of the pit, it has also been 
deemed necessary to apply cylinders, and to close all the openings, or in- 
terstices, around the cylinders, to prevent eddies or any air from being 
drawn down the shaft, and so to repass through the cylinder to the exclu- 
noQ of the air up the shaft. On examining the experiments made at 
Killingworth, Tables IX., X., and XI., it will be seen that no such action 
takes place, and that no sensible advantage is obtained by having the Jets 
placed within cylinders, whether the Jets are placed at the top or at the 
l>ottom of the pit ; the shaft itself forming, indeed, the cylinder or chim- 
ney for the aggregate number of Jets, in place of one cylinder for each 
Jet. This will also be seen by an inspection of Tables XXIII. and 



Having thus shewn the particular action of the Jet, I shall now 

HS^ revert to its mechanical effect in producing Ventilation. I have 

Ifiven a standard of its power when employed solely as a ventilating force ; 

i^other mode of application, is that of its being employed as an auxilary 

^ the Furnace, and, on an examination of the experiments, it will be seen 

^^ its power has been tested in this respect in a variety of cases, the re- 

^^ of which are given in the different tables, and are likewise shewn in 

' diagrams. ^ 

When employed alone, or solely as a ventilating power, with two 

t*ee boilers, the power is much below that of the Furnace, the Water 

S^ not reaching beyond 4 lbs. per square foot, or, in extreme cases, 6 

per inch ; while with the Furnace, a Water Gauge of 12 lbs. per square 

lias been reached. When the Jets are, therefore, to be applied as an 
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auxiliary to the Furnace^ they will have to operate upon an. increase of 
resisting medium; of^ in fact^ a Water Gauge of double the amount of that 
which they are capable of reaching when applied alone. 

If, therefore, we find the Jets, applied alone, to produce a Water 
Gauge of 4 lbs. per square foot, or 12,000 cubic feet of air; and they are 
to be applied as an auxiliary to the Furnace, they have then to encounter 
a Water Gauge of 12 lbs. per square foot; and then the same power, which^ 
at a Water Gauge of 4 lbs. per square foot, produced 12,000 cubic feet of 
air, will, with 12 lbs. of Water Gauge, only produce 4,000 cubic feet of 
air, — and in this case the Jets have to encounter another disadvantage, in 
the increased velocity of the air on which they have to impinge. 

Previously, however, to arriving at any conclusion, as to the effect 
of the Jets as an auxiliary to the Furnace; it will be necessary, first of all, 
to investigate the power of the Furnace as a ventilating force. 

FuENAOE Ventilation. 

The experiments with the Furnace, in its full vigour of action, aa 
a ventilating power, were made at Hetton and Tyne Main ; the experi- 
ments at Killingworth and Norwood, and also some of the experiments a* 
Hetton, were made to compare the relative powers of the Jets, and of th« 
Furnace, by an application of the latter, in a diminished power, or a. 
nearly equal to the power of the Jets as possible. 

Taking the experiments at Hetton, and referring to the genera! 
result. Tables XXV., and XXVII., we find the Furnaces producing an in- 
creased Ventilation of nearly 80,000 cubic feet of air per minute over thai 
of the Natural Ventilation, and 40,344 cubic feet above that of th( 
Natural, Engine Fires, Steam, and Jet, Ventilating Powers. And at Tyn< 
Main Colliery 61,000 cubic feet above the Natural Ventilation, and 48,65i 
above that of the Jet Ventilaflon. It is unnecessary to do more tlian i 
refer to these experiments, (authenticated as some of them were by tb 
presence of several of the Government Inspectors of Coal Mines, and als« 
by a great many of the Viewers and Mining Engineers of the trade,) i* 
shew; that when Furnace Ventilation is pushed to its maximum workia. 
effect, no application of Steam Jet yet applied, has reached within a con 
siderable distance of the effective performance of its powers. 
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The highest water gauge reached by the Jets at Hetton Colliery was 
5138)8 per square foot, while the Furnaces produced 12 lbs. per square 
foot; more than double the power. At Tyne Main the water gauge by 
the Jets was 2*4fl>s. per square foot, and that by the Furnace 7'2fts., three 
times the power. 

So fer, therefore, as regards the application of the Steam Jet as a 
tiihstUution of the Furnace, and considered with reference to their compara- 
tive powers, in producing the largest amount of Ventilation; and, conse- 
quently, as having a tendency in that respect to prevent accidents in Coal 
Mines, these experiments shew, in the most conclusive manner, that the 
Steam Jet, as hitherto employed, is far inferior to the Furnace in produ- 
^g the largest amount of Ventilation in deep mines ; and the experiments 
at Norwood Colliery shew, that with equal areas of fire grate, the Furnace 

• 

^ also superior to the Steam Jets in shallow mines. 

I shall now consider the Steam Jet as an auxiliary/ to the Fur- 
'^ace, and it is in this capacity that it would appear, at first sight, to be 
*^ailable, if available at all. In the above remarks, I have confined my- 
^w to their comparative powers solely as mechanical forces in producing 
'Ventilation. I shall afterwards go into their relative economy, and in the 
^'^estigation of the application of the Steam Jet, as an auxiliary to the 
* furnace. I shall confine myself to the result deduced by these experi- 
ments, without indulging in any speculation, or probable increase of 
Powers or improvements, to be hereafter realised, whether it may apply to 
^*^e one power or to the other. 

In arriving at a practical conclusion, as to the power of the Jets 
*8 an auxiluary to the Furnace, it will be necessary, first of all, to consider 
^ore particularly the power and efficiency of the Furnace, as deduced from 
*tese experiments. 

In the case of the Hetton Colliery, the aggregate result of these ex- 

P^J^ents, TableXXV.,shews the "Natural Ventilation" as equal to 121,478 

^^bic feet per minute, the temperature in the upcast shaft being 80°. 

■^d when the Furnace were applied, and the temperature raised to 170°5, 

*^^ Ventilation was 206,477 cubic feet per minute ; — or 40,344 cubic feet 

*^®^ xninute above the eflFective performance of the Jet, although, in the 

^^ter case, the Jet had the advantage of the rarefaction of the heat from 

^^ boiler fires, and from the steam issuing from the Jets. At Tyne 
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Main, Table XXVIII., the effect was 97,000, or an increase abore the Jets of 
48,652 cubic feet per minute. 

The experiments represented in diagrams, Plate IV. and VI., and 
Plates VII. and IX., also shew the comparative power of the Furnace and 
Steam Jets, in the most conclusive manner. 

In the Hetton experiments, Plate VII., the effective performance of 
the Furnace is 225,176 cubic feet of air per minute, or 11*70 + 6,518 = 

18,2181bs. pressure per square foot area of the shaft, at a velocity of ?^^?= 

1,475 feet the minute; and consequently ^-^^^^^^^p^' = 124-6 horsea. 
power. 

The effective performance of the Jets was 164,000 cubic feet of aL 
per minute, or 5*13 + 4*7 = 9*831bs. pressure per square foot area of shafl 

at a velocity of ^-^^- = 1,072 feet per minute; and consequently ^'^^ "" ^^^^^ 

= 48*86 horses' power. But to obtain the performance of the Jets as 
mechanical or propulsive force, we must deduct the effect of the engine 
and steam, which was 3'6+2,675=:6*2751bs. per square foot of si 

Then ^-^^=914*1 feet per minute, and «^^|^l>il^ = 26 6 horses'pow^- 

deducted from 48*86 leaves 22*26 horses' power as the effective performan.^ 
of the Jet, though the increased temperature above that of the engix: 
fires ought also to be deducted. This gives the relative performances 
124*6 : 26-6 for the Furnace and Jets. The Water Gauge being 5*13nfe: 
per square foot. And this result, as will hereafter be seen, is that of thsr 
Furnaces consuming under 201bs. of coal per minute, the Jets requiri-3 
25ft)s. per minute; and the latter with an evaporation of 1*55 cubic feeti 
water per minute, applied in 37 Jets, |ths of an inch diameter, or an 
of 1*816 inches, with steam at 40 lbs. per square inch, applied at the 
torn of the pit. 

The experiment at Tyne Main, represented in Plate IX., will s 
that the Furnace Ventilation was 7 2 + 8*477 = 15,6771bs. pressure ^ 

square foot area of shaft, at a velocity of ^g^.^^ = 2039*8 feet per minut^^ 

J 15,677 X 2039-1 V 60,257 aq n -t 

and 33QQQ — ■ — = 48-7 horse power. 

The Steam Jet performance was 2*4-|-2 = 4*41bs. pressure p 
square foot area of shaft, at a velocity of ^!^= 986*4 feet per minufc^^ 
and *-i^^ii«li5?= 6 6 horses' power. 
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Consequentlj the relative effectiye performance at Tjne Main 
Colliery is as 487 : 6*6 for the Furnace and Jets; the Furnace consuming 
about 16ibs. of coal per minute^ and the Jets 21tt)s., with 61 Jets -f^ths of 
an inch diameter, or 1,684 inches area. Steam 40S>s. per square inch, 
applied at the top of the pit, and with an evaporation of 1 *82 cubic foot 
of water per minute*. 

On comparing these results, it will be seen that the experiment at 
^Fyne Main Colliery shews a greater comparative result, as regards the 
I'umace, than Hetton. It must, however, be taken into consideration 
that the Furnaces at Tyne Main were urged with more vigour than Hetton, 
the temperature of the air in the upcast with the former being 262°, and 
in the latter 211°; though the evaporation of water at Hetton, with the 
Jets, was 1'55, while at Tyne Main it was 1*82 cubic feet per minute. 

These experiments were made to test the absolute comparative 
power of the two systems. Those at Killingworth, and with one Furnace 
at Hetton and at Norwood, were made to test their comparative economy^ 
when the powers were as nearly equal as possible, and which I shall go 
into hereafter. 

The object in this stage of the inquiry, being to ascertain if the Steam 
Jet is capable of a greater performance than the Furnace; and if it can be 
applied as a substitution of the Furnace, so as to produce a more powerful 
Tentilating force, and so render the mines more safe. 

The result at Hetton would shew, that in order to produce an equal 
effect with the Jets as with the Furnaces, the power of the Jets would re- 
quire to be increased in the ratio of 124*6 : 2Q*& exclusive of the effect of 
the heat of the Engine Fires and Steam; and at Tyne Main in the ratio of 
*^*^ : 6*6, supposing no loss of power takes place with the Jets when the 
^®locity of the air which they have to propel is increased. The velocity 
^* the air propelled by the Jets at Hetton was 914 feet per minute, while 
*^ ^as 1,072 feet per minute when the Furnace was applied ; and at Tyne 
^*iii, with the Jets 986, and with the Furnace 2,039 feet per minute. 

Sufficient, therefore, appears to be shewn by these experiments, that 
. ^ mbstUutwn for the Furnace there would require to be a very great 
*^cin^j^gg in the consumption of coals in the application of the Jets, to 
^^^ the same ventilatincr DOwer as the Furnace : that as a xnhgtitutum 
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its application is inadmissable; and that the only mode in which (he 3^^ 
can be applied, if applied at all, is as an auxiliary to the Furnace, and ^ 
this capacity we shall now proceed to investigate its efficiency. 



PUENAOB AND StEAM JeTS. 

Diagram, Plate VII., shews the increase of Ventilation of the Stes^ 
Jets in addition to the Furnaces, and which is 7,249 cubic feet per minute 
but, it will be observed, that the temperature was increased from 226° 
229° or 3°. This must, therefore, be taken into account. The Furnju 
and Engine Fires gave 229,918 cubic feet per minute, the temperatim 
being 226°. Suppose the same eflfect to take place by an increase of 

beyond 226°, we have ^^^ ^" =3,052, which, deducted from 7,249, lea^ 

4,197 cubic feet per minute, due to the propulsive power of the Jets, 
velocity of the air on which they impinged being 2,094 feet per minute. 



s 



Again, at Killingworth, diagram, Plate VIII., the increase 

6,859 cubic feet per minute, the increase of temperature being 17°. Tlx^i 

87,741 xi7'_^^3g^^ which deducted from 6,859, leaves 2,495 cubic feet i>er 
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minute, due to the impulsive power of the Jets, the velocity of the air ob 
which the Jets acted being 1,815 feet per minute. 

The Jets in both of these cases were applied at the bottom of tlie 
pit. We have no means, as before stated, of ascertaining the precise jre- 
sistance of the air in the shaft when the Jets are applied ; but, taking l^lie 
Water Gauge, as a measure of the efficient practical effect of the Jets in 
the different modes of application ; we have, as the impulsive powers of 
the Jets, — 



Hetton Colliery 



Killingworth Colliery 



Jets Axons. 



Cubic feet of 
Air per min. 



15,099 
9,489 



Water Gauge 

in ibs. per 

square foot. 



FUBNACB AND JXTS. 



Cubic feet of 
Air per min. 



513 
21 



4,197 
2,495 



Water Gaog^ 
in fibs, per 
square foot«- 




Shewing a diminution of effect, when the velocity of the air 
which the Jets act is increased ; and certainly a very small effect in 
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to the Furnace; considering, that a quantity of steam issuing out of 
Igregate area of 1*8133 inches at 40]bs. pressure per square inch, and 
Bporation of 1*55 cubic feet of water per minute, was employed at 
>n ; and steam at 40S»s. pressure per square inch, with an area of Jets 
:23 inches, was employed at Killingworth. 

There are also several other allowances to make if these experi- 
9 were strictly construed, which would diminish the comparative re- 
►f the Jets ; but, as before stated, my object being to shew the result 
practical manner, I have abstained from going into the subject, in a 
theoretical, or abstruse character; the experiments, however, are 
shed in such a manner, that this can be gone into by any one, and on 
ire occasion, and the details will, of itself, be found to be sufficiently 
^ting and useful. 

I shall now give the result of the experiments made to ascertain 
}mparative economy of the two systems, as regards the consumption 
tls, or power employed, and the corresponding effective performance 
iced. 

For this purpose, the entire Furnace Ventilation power of Hetton 
3ry was made the subject of experiment for 24 hours consecutively, — 
et Ventilation at Hetton was made the subject of experiment for 12 
KJutive hours ; — and, that the comparison between the Furnace and 
should be made the subject of experiment, under as precisely the 

circumstances, or as nearly equal power as possible, two of the 
3n Furnaces were extinguished, and an experiment for 12 hours was 

on the ventilating power of one Furnace to compare with the Jets. 

Similar experiments were made at Tyne Main Colliery, to ascertain 
elative economical performances of the Furnace and Steam Jets. 

The details of the Hetton experiments are given in Tables V., 
VlL, and VIII. ; and the experiments at Tyne Main, in Tables XII. 
CVIII.; and the following Table shews the general results. 
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The result of the experiments at Hetton is, that with one Fur- 

oace, and when the Famace Ventilation of the Colliery was reduced so as 

to be as nearly as possible equal to that of the Jets, the consumption of 

coals with the Furnace was 10*1 libs, per minute — the consumption 

'^ith the Jets 35*28 tbs. : — the quantity of air produced by each lb. of 

coal being, with the Furnace 16,320 cubic feet per minute, and with 

*he Jets only 6,400 cubic feet per minute. So &r, therefore, as regards 

*heir comparative economy, when the powers are nearly alike, the 

economy is in &Tour of the Furnace as 2*55 : 1 ; when the Jets are placed 

*t the bottom of the pit, and having the aid of the heat from the boiler 

wea^ and the steam, as assistant Ventilating Powers. 



As a suhstittUe for the Furnace, the Steam Jets are, therefore, 
decidedly deficient, when the powers are equal, and when the only mo- 
tive for substitution, is economy ; and this, it will be seen, holds good, or 
^ increased in favour of the Furnace, when working at a higher Water 
^^uge, and within the limits in which sid>stittUion is practicable, and 
^liis we shall now consider. 



The experiment on the 26th and 27th November, Table XXX., 

«hews the Furnace power, of the every day working of the Hetton Col- 

^i^j-y, three Furnaces B B and (7, Figs. IV. and V., Plate I., unaided by 

^'^^^ engine fires E ; — the amount of this Ventilation is 208*466 cubic feet 

l^^T minute. Supposing the Steam Jet Ventilation increased by addi- 

j*i^nal Boilers and Jets to this extent, and that the consumption of coals 

^^ not comparatively greater. Comparing, then, the experiments with 

Vie single, and with three Furnaces, we find the increase of the con- 

^Ximption of coal for each cubic foot of air as 16,320 : 11,066, the 

crease by the Jets will be, from the preceding investigations, in a 

eater ratio ; suppose, however, it is the same, then we have as 

X 6,320 : 11,066 : : 6,400 : 4,340 cubic feet of air for each ft), of coal by the 

O'ets. When the Jet Ventilation is, therefore, carried to the standard of the 

^hree Furnaces, the quantity of air for each ft), of coal by the Furnaces 

Ibeing 11,066; the relative consumption of coals, by the substitution 

of Steam Jet for the Furnace Ventilation at Hetton Colliery, will 

be as 11,066 : 4,340, or nearly three times the quantity with the Steam 

Jets, as with the Furnace, at the every day working of the Furnace power 

of Hetton Colliery. 



At Tyne Main Colliery tlie result is newly the same, as will be 
seen by Table XXX., the relative quantity of air per each ft), of Coal, being 
as 6-080 : 2223, and this is the result, the Water Gauge of the Jets being 
'38, and the Furnace '925 inches. 




It will be seen from the experiments at Hetton (Table XXX.) 
that the impulsive force of the Jets, is about the same as that whic 
resulted from the previous experiments. The quantity of air by th 
single Furnace was 164*750 cubic feet per minute, with a mean tern 
perature of 98°5 = 1,672 cubic feet of air per minute for each degree 
heat ; the mean temperature of the heat from the engine fires an^ 
steam was 90°; therefore 90° X 1672 = 150480, deducted from 159-91 
leaves 8*573 cubic feet per minute ; due to the impulsive force of i 
Jets, the mean of twelve hours' experiment ; with a Water Gauge 
4*8 tt>s. per square foot — the Jets at the bottom of the pit. 





And at Tyne 47,407 cubic feet per minute (Table XXX.) 1 
35-914 (the Natural Ventilation as per Table XXVIII.) = 11,493 cu 
feet per minute, with a Water Gauge of 2-28ft)s. per square foot, the J 
being at the top of the pit. 
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The practical conclusions, resulting from these experiments, 
be Tabulated as follows : — 



STEAM JETS AS A SUBSTITUTION OF THE FURNACE. 

Hetton Colliery — Jets at Bottom of Pit. 



Furnace | 



Due to temperature 
of upcast sliaft. 



Cubic feet of air 
per minute. 



208-466 
164-750 
161-340 



Impulsiye force 
of Jets. 



CJubic feet of air 
per minute. 



8673 



Total. 



Cubic feet of air 
per minute. 



208-466 
164-760 
159-913 



Consnmptio: 
of CoaL 



tbs. per 
minute. 



18-86 
10-11 
26-28 



FURNACB... 

Jets 



Tyne Main Collieey — Jets at Top of Pit. 



Due to temperature 
of upcast shaft. 



Cubic feet of air 
per minute. 



101-876 
36-914 



Impulsive power 
of Jets. 



Cubic feet of air 
per minute. 



11-493 



Total. 



Cubic feet of air 
per minute. 



101-876 
47-407 



Consnmptii^i 
of Coal. 



fts. per 
minute. 



16-76 
21*82 
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STEAM JETS AS AN AUXILIARY TO THE FURNACE. 
Hetton Colliery — Jets at Bottom of Pit. 





Due to temperature 
of upcast shaft. 


Impulsive power 
of Jets. 


Total. 


Consumption 
of Coal. 




Cubic feet of air 
per minute. 


Cubic feet of air 
per minute. 


Cubic feet of air 
per minute. 


lbs. per 
miuute. 


JSTS 


208466 
208-466 


4917 


208 466 
213-383 


18-86 
47-97 





In these inyestigations, I have not taken into account the quan- 
tity of air required to work the engine fires, when the Jets are placed at 
^He hottom of the pit; a quantity more than the impulsive power of the 
Jets, as it may be said this air might be obtained from the return air 
*fler passing through the workings. I have great doubts that this can be 
l>eneficially accomplished, but as I could not ascertain this by experiment, 
I have not made any allowance for the increased loss of power in the Jets 
ty such air passing up the shaft, which I ought otherwise to have done. 

In conclusion, the practical result of all these experiments i», that 
within the limits or range of Furnace Ventilation, the Steam Jet acting 
«« a substitute, is attended with an increase in the expenditure of fuel of, 
J^enrly 3 : 1, without any corresponding advantage either in the steadiness 
®^curity, or efficiency of Ventilation ; on the contrary, from its simplicity 
^^ construction, the steadiness of its action, its less liability to derange- 
**^«iit, its economy, and its efficiency in cases of emergency, the Furnace is a 
ore secure, more safe, and more eligible mode of Ventilation than the 
am Jet. 



And, with respect to the Steam Jet as an auxiliary to the Furnace, 
^le conclusion is, that the increase of eflFect of the Jets over the Furnace is 
^uite inconsiderable, — that such increase is extremely unsteady, in some 
^^ases nothing at all, when the Furnace is urged to its maximum effect ; 
^nd, in the ordinary working state of the Furnace (supposing the Furnace 
iept within its limit, so as to have adequate spare power in cases of emer- 
gency), amounting to only about 2 or 2 J per cent. That such increase is, 
liowever, attended with a loss of power, or increase in the consumption of 
Coal, as compared with the Furnace, of nearly 3:1. And, taking into 
account the uncertainty of its action, and that the increase of 2 to 2^ per 
cent, is only obtained when the Furnace is about 10 per cent, within its 
maximum power ; (see Experiment, Plate VII., and Experiment, Table 
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V.,) and seeing, likewise, that when the Furnace is urged to its maxima 
power, in cases of emergency, an increase of 10 per cent, can be imi 
diatelj obtained by the Furnace ; (see Experiment, page 68,) it is qi 
clear that the Steam Jet is equally ineligible and inefficient, as 
auxiliaryy as when applied as a substUtUe for the Furnace in the V 
tilation of GoalMines. 

And, setting aside all considerations of loss of power, or of econo 
and looking onlj to the two ventilating powers, with reference to tl 
comparative efficiency of producing increased Ventilation, and so add 
to the security and safety of the Mine ; (for I agree with the Committe 
the Commons of 1852, ''That a generally increased Ventilation is 
truest security against explosions,") it is quite clear, that it would neit 
be advisable nor safe to depend upon any increased quantity of air i 
security from explosions, which might be obtained by the Steam 
above that which can be obtained from the Furnace ; and, that the c 
safe and secure dependence, so far as regards vigorous Ventilation, 
security against explosions ; is, upon a well-constructed Furnace, or 1 
naces, — ^proper adaptation and arrangement of shaft power, — capac 
air passages, — and upon a well-regulated distribution of the air currei 
and, not upon the complicated and uncertain action of the Steam Jet. 

And, lastly, I must beg permission to point out the deep obi 
tions which the Institute and Mining Interests generally are undeJ 
the Hetton, the Marley Hill, and the Tyne Main Goal Companies ; 
their liberality, in placing their Pits at my disposal, and for the exp 
and inconvenience which they have been put to, in the prosecution of tl 
experiments; and I have also to express the obligations I am person* 
under to them, and to Messrs. Johnson, Greenwell, Liddell, and Wales, 
Viewers at these Collieries ; and to the other gentlemen, from whoi 
have reeceived aid and assistance in this arduous undertaking. 

NICHOLAS WOOD. 



APPENDIX No. 



4 of&e YentUation of Hetton Colliery, with the re^tetiva JHiUmca 
uA each CurretU of Air travela, and the quatttit]/ of Air in eadi 
ta.— October 28th, I85i. 



MAIN CURRBNTa 
MINOR EAST DOWNCAST PIT; HUTTON SEAM. 



1^ the Weat Stables 

Wert Incline 

I Drift Incline 

!e North Whjt 

i-EMtxCat 

Gut War, Engias Plane 

L-ElMlCDt 

the Eppleton West Drifcg, through Lyons Waste 
Ditto ditto 



Cubic f«t 


A^i,^ 


»m.BuU. 


«.u™™. 


2,000 






40 








49 


7.iao 






50 


6,200 


50 


45,350 





MINOR WEST DOWNCAST FIT; HUTTON SEAM. 





»niin^. 






7.500 
8,300 
7.600 
8,400 
7.700 
10.300 




















Kb Etemore lubeile Pit< North Wny and through thei 


40 








49,800 
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APPENDIX No. 1.— CONTIMUED. 



Statement of the Digtancea travelled hy the various Currents of Air in ik 
Minor West Pity HuUon Seam, at Iletton Colliery, through the Work 
ingsy and returns to the Blossom Pit Upcast, — Oct, 28, 1852. 



Splits 


" In-ooinq," OB •' Frbsh-Aib Currents." 




1. 


2. 


3. 


4. 


5. 


6. 






Yds. 


Yds. 


Yds. 


Yds. 


Yds. 


Yds. 


Yds. 


1,2, 3, 4, and 5 

land 2 


737 
462 
671 
792 
808 
330 
737 
286 
341 


737 
462 
671 

••• 

• ■• 
••• 

• •• 

• •• 

• •• 


737 
462 

... 
792 


737 

• •• 

• •• 

• • • 

308 
330 

• •• 

• •• 


737 

»•• 

• •« 

• •• 

308 

• • • 

787 

286 


737 

. •• 
... 
... 
808 

• •• 

737 

• • • 

341 
2123 


1 


1 


2 


3. 4, and 5 


8 


H 


4 and 5 


g 


4 


1 


6 








1870 


1991 


1376 


2068 


2816 


Splits ,.*• 




" OUT-CC 


►MING," 


B <* Return Air 


CURRRNT{ 


^" 


•••••• 


1. 


2. 


3. 


4. 


5. 


6. 


Yds. 


Yds. 


Yds. 


Yds. 


Yds. 


Yds. 


Yds 


1 


1199 
1276 
638 
286 
330 
968 
1562 


1199 
1562 


• •• 

1276 

• • • 

• •• 

• •• 

1562 


• •• 

• •• 

638 
... 

... 

1562 


• •• 

• •• 

• •• 

286 

• • • 

968 
1562 


• •• 

• •• 

• •• 

• •• 

330 

968 

1562 


S ^ 


2 


is 


8 


4 


W^ T 


6 




4 and 5 

1,2, 3, 4, and 5 

Brouffht Down ••• 




2761 
1870 


2838 
1991 


2200 
1375 


2816 
2068 


2860 
2123 


466 — 
281» 


Total Distances... 




4631 


4829 I 


3575 


4884 


4983 


748S 




1 









B 



fky- 



a 

— r- 




TX 



c 



^^s 



m 



^3 



mzi 



7^^. f. 




n 



J?/ese 



\T\ivvv\r\i\r\i\i\i 



r\ 




/^^ 






-sn. > 



ww\tw\/v;\;g3i 



r^ 



£=t=f=f 



f££r 



100 
APPENDIX No. 1.— CoNTmrBD. 



StaUmerkit of the Distances travelled hy the various CurrenU of Air in ih& 
Minor East Pit, Low Main Seam, at Hetton Colliery , through the 
Workings, and returns to the Blossom Fit Upcast, 



Splits 


" In-going," ob '* Fresh Air Curbbmts." 




1. 
Yds. 


2. 


8. 


4, 
Yds. 


5. 


Yds. 


Yds. 


Yds. 


Yds. 


1, 2, and 8 


120 
940 
290 
230 
200 
725 
200 
315 


120 
940 

• •• 

• • • 

• • • 

• • • 

• • ■ 

• • • 


120 

• •• 

290 
230 

« •• 

• •• 

• •« 
• • 


120 

• • • 

290 

... 
200 

• • • 

• • 

• •« 


725 
200 

« • • 








2 and 3 




2 




8 




4 and 5 


726 


4 




5 


315 


See below for Totals 






1060 


640 


610 


925 


1040 










Splits 


"Ou 


t-coming, 


" OR '* Return Air Currents." 




1. 


2. 8. 


4. 


5. 


Yds. 


Yds. 


Yds. 


Yds. 


Yds. 


Yds. 


1 


220 
220 
185 
670 
100 
460 
360 
1595 


220 
185 
100 

• •• 

• •• 

• •• 


220 
185 

• « • 

100 

• « • 

• • • 

• •• 


• •• 

• •• 

• • • 

670 
100 

... 
• • . 


• •• 

••• 

• •• 

• « • 

• •• 

460 
1695 




2 




land 2 




8 

1. 2. and 3 








6 


360 
1595 


4 and 5 • 


BrouffhtdowD 




505 
1060 


606 
640 


770 
610 


2055 
925 


1965 
1040 


Total Distances 




1565 


1146 


1380 


2980 


2996 
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APPENDIX No. I.— CoHTiiaTED. 



StaUment of ike Distances travelled hy the varicme Currents of Air in the 
Main Coal Seam, ai Hetton Colliery, through the Workings, and re* 
turns to the Blossom Fit Upcast Shaft 



Splits —••• 


" In-going," or '• Fresh Air Currents." 




1. 


2. 


3. 


4. 


Yds. 


Yds. 


Yds. 


Yds. 


Yds. 


1 


1166 

660 

1080 

2360 


1166 

• •• 

• «• 

••• 


660 

••• 

• •• 


• •• 

1080 

• • • 


• •• 

■ «■ 

2360 


2 


3 

4 




See below for Tc 


»tal8 


1166 


660 


1080 


2360 


Splits ^,. 


"Out- COMING," OR ** Return Air-Currents." 


1 1. 


2. 


3. 1 4. 


Yds. 


Yds. 


Yds. 


Yds. 


Yds. 


1 


7010 
1220 
1620 
6460 


7010 

• • • 

• •• 


1220 

• • • 

• • • 


1620 

• «• 


••• J 

• •• 

6460 


2 


3 


4 


Brought do 


wik«««...... 


7010 
1166 


1220 
660 


1620 
1080 


6460 
2360 




Total distal 


Dces 


8175 


1780 


2700 


8820 



a 



B 



f^.9 ''• 




c 




^ 



s 



-H- 



g^.^. 



^ 



i^^. 7. 



r^ 



TT-tTumnnM/i/yi; 



r^ 



^>. 6. 




r\ 






nnsczizsmnz 



('^ 



£=fc=£=;f 



r££r 



1 



jryrJ. 



4^m 



rt 



jr?7./is.-t-pjj'e^. 






'O 



K)^ 



fl 



UMJlfH^OM^ 



jyps. ^.disji. 



"- 






A'93.JO.S36J>et 



_Ji_ 



^> ? 




. innmrinnnrLr 



■mnmn -! ^ f --' *- * I 



^y. 




a.v 



'''^-'y^jm- 




*-^:^/<f 



'■^^.^^^^^ 



xTizanfwoRTJi cacrisBy: 



Nil 






^ J 


^j/r^... 


1 2Vhtnnt7 VerUii^ium, 
















\\ 






le- 


;^.'.t^_ _\^. 


\ S/^am, 




' /<fV 


t?A!«S?, „ „ 


\\ 

\\ 






SS'l'^J _ _ 


\ 


\ J'itrnace 


Z^Zif 


^jm 




\J^trnAgi 










S^e^ 



i- i 



TTim MAix- oqlzzehy: 



\ ■ 



5 <S 



II 



''^^.:8Z^_X ^Vatural T^fiJa/ion 












/v. Arc y/f. 












/6J7 









'BTZZIN^GWOBTS^ COtLZZERT. 



^i.AT£ K///. 



Te^^- 7--a7>, 



% 



1^ 




fUrna£»AJaA 



2^nfi. AlfA. 



f 



III 

:5SK 






Ji^zi 









/ 



^LArir X. 




>: 



*tJkr£ x^ . 



I 



Tian (^SparM occ^P^ ^/ "^"^^ of'fti'a7». i 




^. I%e tletJBojZer 
:B. Jet Sa^y^On^ 
C. :^imace 
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EXPERIMENTS TO DETERMINE THE RELATIVE VALUE 

OF THE FURNACE, AND 
STEAM JET, AS VENTILATING POWERS. 



The following experiments were instituted with a view to afford 
some practical data, to determine the vexed question whether the 
Furnace, so long the Ventilating Power in our Collieries, was capable 
of being assisted in its action by a Jet of Steam; or whether its 
future use might not be altogether superseded by the superior effi- 
ciency of the Jet itself, employed as the sole agent. 

It occurred to me, that all the experiments hitherto conducted, 
had been defective in some one or other of those essential conditions, 
necessary to deduce the proper value of the two agencies. At first, 
it was perhaps natural to view with suspicion and dislike any inno- 
Tation upon a favourite and old established method, and in despite of 
all disclaimer, we should not attempt to conceal from ourselves that 
some prejudice has been imported into the comparison, and under 
the influence of this pardonable bias, conclusions have been too hastily 
drawn, which a more impartial investigation, and a wider range of 
experiment, will tend materiaUy to correct and modify. 

We have had isolated experiments with the Jet conducted in 
the laboratory on a small scale, — ^illustrated in tubes of short dimen- 
sions, and results have been exhibited, very startling in their first 
impression. These effects have been most xmfairly contrasted with 
those developed by the Furnace, rarifying air, which had passed 
through many miles of confined Air passages, in Shafts of all depths 
and every diameter, and as a matter of course from premises so dissimilar, 
and data so exceedingly imlikc, most erroneous inferences have been drawn. 

Experiments with the Furnace and Jet conducted separately, 
have also been made upon a large scale in the same shaft, but here 
again we ore at £ault ; for on the one hand, the position of the Jet, 
the number of discharging orifices and their diameter, and their relation 

B 



to the area of tlie Shaft — and on the other hand — ^the size aid posi' 
tion of the Furnace, have, it would appear, been determined from the 
mere accident of convenience, or the caprice of the experimenter. The 
utility of the results have still further been impaired by the limited 
period to which the comparison was confined, and the difficulty and 
danger to a working colliery in extinguishing the influence of the 
Furnace, and neutralizing its ejBPects, before the Steam Jet was brought 
into play. These have produced, as might have been foreseen, a 
complicated and combined action, the indications of the Jet being 
in part referable to the residual action of the Furnace, which may 
either have crippled, or assisted its action. — And lastly, 

Experiments with the Furnace and Jet together, limited how- 
ever more or less with the defects before alluded to, combining 
either the exhausted steam from boilers — ^having other offices to per- 
form in the mine,-^r from independent boilers upon the surface, 
discharged either in a single Jet, or distributed over the shaft, with 
furnaces either in connexion with the undergroimd engine, or separ- 
ately for ventilation only. — Here again, the complication of e£Eect 
from both without any attempt to assign the share due to either 
agency, or whether the two in united action, are not more effective 
than the simi of the two separately, have destroyed the whole value 
of the results. 

It was clear, therefore, so long as the advocates of the Jet 
confined their defence to its speculative results in practice, deducible, 
either from data from the laboratory, or from hasty generalization 
from some one or other of the class of experiments above referred to, 
and wherein all the conditions of the problem were not fuDy and 
fairly taken into account ; and the Furnace party, erring as much, the 
other way, confiding altogether in their practice, and triumphantly 
pointing to the few facts of their limited experience, to the contrast 
they were enabled to show, in refritation of the labours of the mathe- 
matician and the theories of the philosopher; that so long as this 
state of hostility and self-reliance was permitted to continue, we should 
have in each session of Parliament the subject matter of difference 
referred to its Committee, who would either report with indecision, or 
arbitrarily, as the majority of the members might have their judgments 
biassed by the one side or the other ; and the public — ever fault- 
finding — ^would continue to clamour for legislative interference, and 
deplore the default of science, to arrest the waste of human life. 



One good, however — and this of no little moment — ^will result from 
the immediate labours of the Institute. The theory and practice of the 
best ventilating power within our present reach will ere long be com- 
pletely and definitely established — and this settled and out of the way — 
the leisure of its members may be turned to other more minute pro- 
fessional questions of practice, until by repeated comparison and expe- 
riment, the standard of maximum safety under conditions will be 
arrived at. The dissemination of these most important desiderata 
throughout the district, will lead to improved discipline in our mines — a 
higher education of our officers — ^and as a necessary sequence, the im- 
provement of our great staple trade — and above all, the diminution of 
risk to the life of our workmen. 

With this view, and as a small help to other and larger trials, 
occupying as it were the midway position between the laboratory and 
the working colliery, I prepared an apparatus, which as far as practicable, 
should present to either agency — the Furnace and the Jet — circimistances 
and conditions precisely parallel,— capable of showing the effects of either 
without a chance of confliction, and equally competent to register the 
action of both in conjunction; for affected by the same disturbing 
causes, and retarded by the same hindrances, I cannot anticipate that 
the results — ascertained with considerable care — can be, under the par- 
ticidar conditions of the apparatus, other than a fair and legitimate 
comparison of their relative value as ventilating powers. 

The chief points I sought to determine, were 

1. — ^The most effective distance and space occupied by Jets of 
Steam of different sizes, and therefrom, the association of Jets in a 
given area, to produce a maximum effect. 

2. — ^Thc dimensions of a Furnace, with the area above, and un- 
der the Bars, to give a maximum effect. 

3. — The rarifying influence of the Jet. 

4. — ^The ventilating power of the Jet arranged as determined in 
No. 1, under pressure of 301b, 401b, and 501b, per square inch, with 
a contrivance, for imitating different values of the drag, or resistance 
to the air current in a "Working Colliery. 



5. — ^The Ventilating Power of a Furnace, arranged as determin- 
ed in No. 2, and under like resistances. 

6. — ^The Ventilating Power of a Furnace and Jet in conjunction 
with the Steam at the different pressures as in No. 4, and under like 
resistances. 

And 7. — ^The economical features — the consumption of Coal, in 
the production of the different effects. 

The experiments were conducted in a chimney possessing the 
following dimensions. 

Height— 80 feet. 

Diameter at Jet apparatus — 5 feet 2^in. 

Diameter at Top— 3 feet. 

The chimney having a regular taper, or conical form, for 69 
feet, viz., from 21 feet from the bottom to the top. 

Connected with, and opening into the chimney on the sur&ce, 
is a drift or arching, extending 50 feet from the chimney, the internal 
area of which is exactly that of the largest area of the chimney, yiz., 
3068 square inches. In the driffc, and 9 feet 4 inches, from the chinmey, 
is a frimace 5 feet 2^ inches wide, and 5 feet long, and within these 
limits, and oyer the fire, the internal area of the drift is enlarged, 
by the space occupied by the bars and coals — so that at all times, 
whether operating with the Jet or Furnace, there should be a similar 
area, through the drift into the chimney. 

The Jet was placed 22 feet up the chimney, and within €he 
conical part. Connected with the drift, and flush with its wall side, 
was a reservoir for coal, which had previously been weighed. Another 
recess was left for the observer, opposite whom was suspended on an 
immovable stirrup, a Biram's Anemometer. A. door perforated with 
525 holes of 1^ inch diameter, distributed equally over its surface, whose 
aggregate area is equivalent to one-fourth that of the drift, and a 
Box 6 feet long by 1 foot square was nicely adjusted to the open end 
of the drift — the results show the effect of the drag or resistance, in 
passing through these reduced and divided areas. Doors haviiig aper- 
tures of larger dimensions were tried, but currents of very varying 



Telocity were created in the drift — affecting the Anemometer very une- 
qually, and tending to perplex the comparison. This was considerably, 
but not altogether remedied, by the improved arrangement. 

A boiler, 29 feet by 6 feet, 4 inches diameter, having a separate 
chimney, supplied the Jet through a two-inch pipe, ;Euid the water 
cfVaporated, and coal consumed were carefully registered. Two safety- 
valves — ^the one upon the steam pipe outside the chimney — ^the other 
upon the boiler, served to check the pressure of the steam in use — OAd 
a damper, regulated the quantity of air, so as to avoid as much as 
possible any waste of fuel. 

Experiments were first made to determine the evaporative power 
of the Jet boiler. Worked for 9 hours consecutively, and fired with 
some exertion — it was found, that an orifice in the Jet apparatus, having 
an area of one square inch, was capable of discharging the steam when 
pressed to 40lbs. per square inch. This pressure was indicated by both 
safety-valves. The bars and flues were clean — ^no water was admitted 
during the experiment, and the results may therefore be taken as a 
xnaximimi. 

The water evaporated was 44*88 cubic feet per hour — ^the heating 
surface being 229 square feet, and taking Tredgold's standard of 8*8 
square feet surface for converting one cubic.foot of water into steam, 
per hour, at a pressure of 40lbs. per square inch, as that practically to 
be assumed over- time, and as affording the necessary margin for the loss 
of effect in the water supply, and in the cleaning the boiler, flues, and 
fire, we have 26*023 cubic feet of water evaporated per hour, as the work- 
ing power of a boiler of the above dimensions. 

Assuming that the quantities of steam discharged will be as the 
areas of the apertures, we deduce from the maximuTn effect of the bc^er, 
that its ordinary working evaporative power, is represented by a dis- 
charge pipe, having an area of *58 square inch. 

44* 8B cubic feet of water, requiring 394*51bs. of coal for its con- 
version into steam, is capable of being discharged through an aperture 
of one square inch ; and inferentially, an aperture of '58 square inch 
area, is the value of the evaporative power of a boiler, overrtime, 29 
feet long by 6i feet diameter. 
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It will be afterwards seen, by firing to extremity, that 60-83 
cubic feet of water was evaporated per hour, and the pressure indicated 
throughout at the Jet safety-valve, was 501bs. per square inch. 

1. — ^As to'the most economical and efltective distance, and space 
occupied by a Jet of Steam. 

In some experiments made by Professor Faraday on the Steam 
Jet, some few years ago, to ascertain the most effective size of the ori- 
fice, and the most economical, and effective pressure of steam — ^it was 
satisfactorily determined, that there was a close relation between the 
water evaporated to form steam, and the work done by that steam — the 
ratio being as exact as could be expected imder the circimistances. 
Further — ^the effects from Jets with orifices of different diameter, were 
also ascertained to be nearly in the direct ratio of the sizes, but it was 
found, that more work was done in proportion to the quantity of steam 
as the Jet was reduced, so long as the bore was not so small as to occasion 
condensation at the orifice. 

The maximimi effect was attained, when a Box 18 inches square 
was employed, and the open end 12 feet, 11 inches from the Jet, the result 
with Steam at a pressure of 321b per square inch being, 

With a Jet having'an orifice ^ in. dia. 2056 Cubic feet per minute. 

-5;=.india. 3136 — do. — do. 

i in. dia. 4453 — do. — do. 

I in. dia. 6534 — do. — do. 

I selected from these experiments a Jet of ^ inch diameter as the 
most effective practical size, and from this Jet, at the pressure of 301b, 
and 401b. per square inch, I obtained trumpets or cones of Steam, possess- 
ing the following dimensions. 



Diameter of Cone. 


331b. 


40lb. 


pervq. in. 


per sq. in. 


ft. in. 


ft. in. 


9 


9 


10 


11 


1 5 


1 6 


1 7 


1 7 



At 2 feet from the orifice 

3 ft do 

4jfb. do 

6 ft do 



It appeared to me that the issuing steam preserved its compact- 
ness, or conical figure, to a distance of 4J feet from the orifice, after 
which, the outline of the cone became less distinct ; and in the distri- 
bution of the Jets within the area upon which I intended to operate, I 
apportioned the whole into areas, having dia,meters of 18 in., respectively 
allowing the different cones of steam slightly to overlap each other, so 
as effectually to fill the whole space. In this arrangement, therefore, I 
concluded that Jets of ;^in. diameter, and with the several cones of issu- 
ing steam, abutting on one another at a distance of 4^ feet from the 
orifice, each cone, at the several points of contact, having an area of 
254*46 square inches, would afford the maximum effect. See Plan. 

The area of the chimney where the Jet was introduced being 
3067*9 square inches, it required 12 Jets to fill the entire space, the 
aggregate area of the expanded trumpets or cones of steam, being 
3053*52 square inches. The orifices had brass mouths, accurately bored 
to J in. diameter, their aggregate area being '538 inches, and as the 
maximum evaporative power of the boiler was so much in excess, being 
in the ratio of 1 to *588, there was abundant surplus to maintain the 
steam at any pressure. The Jet safety-valve, and that upon the boiler, 
gave on repeated examinations identical pressures, and there could be 
but little loss in the passage of the steam through the remaining short 
pipe, and apertures.* 

* Each experiment throughout the whole series was continued for 6 
hours, the revolutions of the Anemometer taken at the alternate i hours, the 
velocity of the Air-current at similar intervals, and the temperature of the 
chimney every half hour. This was necessary from the discrepancies presen- 
ted by other trials, wherein the observations were separated by longer inter- 
vals, and the irregularities reduced to an average. The tabulated results of 
velocity and temperatuVe^ are the mean of the observation of many experi- 
ments. 
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2. The position of the Furnace, with area aboye and below the 
bars, to produce a maximum effect* 

In the determination of this point, the few experiments I made 
were not conclusive. The following sections were those selected^ and the 
results are here tabulated. 



Feet. 
A. Are» ab^ve Bars - 26>75 ) 
below Bars - 8*75 j 



Bi' Area above Bars - 19*25 ^^_ 
below Bars - 16*25 5 



C. Area above Bars contrac- 
ted 
below 



)ve Bars contrac-"} 
by Plate - 12-00 S— 
low Barst 16'253 



Bevola- 

tions 

in 15 min. 


Temperature. 


Coals per 

Hour. 

lbs. 


Berolu- 

tions 

per 1 lb. 

Coal. 


Drllt. 


Chim- 
ney. 













9010 


52-7 


320 


303 


297 


11255 


38- 


343 


350 


321 


9087 


43-5 


350 


379-2 


239 

1 



I selected, therefore, B. as presenting the most effective section of 
the three, without however determining it to be the best; and the follow- 
ing will afford the comparative effects oi this section of Furnace, 
consuming different quantities of coal. 



Barom. 28*5 Bain. 



Revolu- 


Temperature. 


tions. 






in 15 min. 


Drift. 


Chimney. 


9091^ 



39-4 



226-6 


9085 ] 




56-3 \ 


243 \ 


9450 
9685-, 


CO 

•5 

9 


00 
45 -00 

45-3 j 


289-1 -^ 
264-6J 


10012 


41 


320 


1126i 


5 


38 


343 



Coals per 

Hour. 

lbs. 

251.1 
233 'Z\ 

237 I 

237 J 
256 6 
350 



Maximum 
Cubic feet. 

Air 

per minute 

in Chimney 



14485 

16843 

18544 

16739J 

17966 

19434 



Cable feet 

of Air to 

1 lb. of 

CoaL 



4595 

4209 
8331 
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These trials giye a ratio between the coal consumed, temperature 
of the chimney, and the velocity of the air-current indicated by the 
Anemometer. The state of the weather, and Barometric pressure affec- 
ted the results and account for the discrepancies ;^the fluctuations being 
very considerable. 

The maximum velocity observed during any period of 15 minutes, 
was 20212 cubic feet per minute, which through the smallest area of 
the chimney gives 2832 cubic feet of air, for 1 square foot of area. 

The diminishing effect from lib. of coal with the higher tempera^ 
lures, as shown in this Table, is referable not only to the increased 
resistance under the known law to air at high velocities, but, to the 
contracting area of l^e chimney; for when it is considered that the 
difference of temperature between the ascending column and external 
air: 

In the 3 Trials bracketted is 216-7 

5th Trial 289 

6th Trial 305 

we have, taking the ordinary formulsB of 4fp+J' for increase of bidk 

at temperature t\ that of Air at the temperature ^, being unity; 
the expanded volimie of 1 cubic foot of air, due to those different tem- 
peratures as 1-42, 1-56, and 1*62 respectively. The law of resistance 
above referred to, will therefore oppose, (taking the temperature of so 
short a column as uniform iSo the top) not only the ratio of drag due to 
the increased velocities of the air, at the several diminishing areas in its 
ascent, but, these velocities will still further be augmented, by the 
enlarged volume of the heated air itself. 

With the Furnace and Jet combined, the same increased retar- 
dation is caused, but in the Jet alone, the increase of volmne of the air 
is so trivial from the heat of the chimney, that the effect of the latter, 
all other things being equal, should be relatively larger. 

It may be, therefore, safely affirmed^ that this particidar form of 
chimney is adverse to the Furnace, and Furnace and Jet in conjunction, 
in any contrast with the Jet alone. 

It must also be borne in mind, in contrasting the results from the 
Furnace^ with those afterwards obtained from the Jet, that the column 
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of heated air being only 80 feet high, the effect from a given weight of 
coal is necessarily small, and that in point of fact, the comparison is be- 
tween a Furnace with an 80 feet shaft, and a Jet,*' where the small eleva- 
tion, may be confidently assumed b» an advantage. 

Taking Tredgold's formulae for the velocities of air, with chim- 
nies of different altitudes, we find, that irrespective of friction, the velo- 
city of air entering Chimnies with elevations of 80, 600, and 900 feet to 
be 49, 135 and 166 feet per second respectively, having the temperature 
the mean of the three frimace trials bracketted, and assuming for the 
calculation, that this temperature is uniform in all the heights. 

The maximum quantity of air obtained from lib. of coal, was 
when the chimney was at 237®, — ^the quantity being 4695 cubic feet, — 
whereas the average ratio of several Collieries reported by Professor 
PhiUips was 12150 cubic feet to lib. This wide difference is clearly to 
be traced, to the causes above assigned. 

No previous calculation would I think settle the most eflfective 
position and dimensions of a Furnace. Practice can alone assign them. 
If the area over the fire be too large, much of the current passes without 
suffering decomposition, and tends to lower the temperature of the 
upcast, but this again may be compensated by the smaller friction to 
which the whole current may be subjected. Should tiie area over the 
fire be too small, a large portion of the air will be forced through the 
fire ; more of it will enter into new combinations so long as the tem- 
perature of the fire through which it passes, is maintained at 1200*^ the 
heat of the upcast will be augmented, and very anomalous results as to 
the ventilating current will be developed. It is clear that a max- 
imum effect combining the condition of highest temperature in the 
upcast, with minimum friction, is attainable, and it would be well if ex- 
periments were expressly instituted to solve so important a problem* 

3. As to the rarifying influence of the Jet. 

Much misapprehension has existed on this point. It has been a 
popular theory to attribute all the power of the Jet to this influence 
alone, and to disregard altogether its impulsive action, considering that 
the effect of the latter at the bottom of a shafl;, and haying a long 
colimm of highly elastic confined air to expel, will be ahnost neutralized. 
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The Jet has thus been treated as a mere substitute for the Fur 
nace, and at first sight there is some cogency in the theory ; for not only 
is the temperature ef the issuing steam at a high eleyatioii, but the con- 
densed steam will naturally give out its latent beat. Steam at 401bs. 
per square inch pressure, possesses a temperature of 288<>, and the heat 
absorbed by the water in the production of the steam, is about 1287o ; 
so that a given vol\ime of steam, if all liquefied, and reduced to 82o, 
must have parted with 1205o of heat, and this all dispersed in the 
upcast, it was conceived would sustain the column at a high temperature,^ 
ajid irrespective of any impulsive action, possess a high rarifying power. 

The velocity and quantity however of the ventilating cold current 
and the slow conducting power of air, were neglected in the estiifiate ; 
and the following experiment determined, that within its limits, no 
material rarification is obtained — the temperature not being augmented, 
over a period of 12 hours. 

Jet Apparatus, 50lbs. per square inch pressure. 





Temperature. 


» 


Drift. 


Chimney 


6h. Om. a.m. 




47 




79 




49 


81 




52 


81 


• 


55 


82 




56 


82 




51 


83 




56 


84 


6h. Om. p.m. 

1 


54 


82 



The steam within the chimney was observed to be nearly all 
condensed into vapour, and the temperature, as indicated by the ther- 
mometer, was sensibly cold to the hand, and it is at once obvious, that 
from whatever cause the action of the Jet upon the column of air is 
philosophically to be referred, whether its action be analogous to an air 
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pump or foree pomp, it possesses some other power, tliat is attnbutaible 
.to the mere increased temperature it affords. 

When however the Jet and Furnace are used together, the cob- 
'densation of the steam was prevented by the high temperature due U 
the Furnace, and the smoke had ahnost entirely disappeared, caused ii 
all probability by the deposition of the carbonaceous particles, from th< 
^diminished density of the air and steam combined. 

To this circumstance of the steam being preserved from con 
densation by the heat from the famace, is clearly to be referred thi 
superior effect of the Jet and Furnace combined, as contrasted witl 
the Furnace alone. When combined, it would appear that the impul 
sive action of the Jet, notwithstanding the products of combustioi 
fr^m the Furnace, had the effect of assisting the velocity of the bjz. 
current due to the Furnace alone. How far this superiority may H 
maintained in higher columns, where the power of the Furnace wou- 
be more developed, we are at present imable to say. 

A question might in the first instance arise, whether the steac 
being condensed, when the Jet was alone used, and therefore, by t: 
contraction of its previous volimie assisting its impulsive action, wouz 
not, although the watery vapour was to be raised to the heigg 
of the chimney, produce a better effect, then when used in cd 
junction with the Furnace ; the chimney area being in the latter ce 
occupied by air and steam, in a highly expanded state. 

r The VentUating Power of the Furnace *) 

4, 5 & 6 < do. of the Jet Sand under di£ferent 

(^ —do of the Furnace & Jet combined j sUtances. 

The steam at the pressure of 30, 40, and 501b8. per square inch re«pectivelx.iii. 

The more clearly to compare the powers, I have tabidated M 
results — ^the different expressions being the mean of all the ezp^ 
ments. In comparing the velocity of the air-current in the chimn — 
obtained from the Furnace and Jet together, with the Furnace alo^ 
it was foimd that the revolutions of the Anemometer did not show 
responding differences, and this is accoimted for by the fact, that to 
duce the same cold current, the steam and hot air when together 
the chimney, must travel faster than the hot air, when alone. 

The Anemometer ^vill therefore show the ventilating currc^ 
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accurately, and the Furnace indications haye been taken as the 
ard. 



Table A. 



Drift End open. 



pexature of Drift- 



Furnace. 1 12 Jets. -26in. dia. 



Maxi- 
mum. 



• do. of Chimney — — 

^imum Velocity of air in 

^ixnney-in feet per second 

"Volume of air — ^in cu- 

ic feet i)er minute 



evfiporated from Boiler 

—in cubic feet per hour — 

C-A&ce coal — in lbs. per hour 

^ler* coal — ^in lbs per hour 

^ic feet of air-to lib of coal 

- of coal — ^to 1 cubic foot 

^' "Vrater 



f^olution of Anemometer 
*** one hour 



o 

38 

o 

356 

22-3 

20805 



350 
3566 



Ave- 
rage. 





44 



281 
19 



lb. 
30 



o 
45-5 



71 
10-8 



lb. 
40 



o 

47 

o 

76 

13-2 



17651110050 12292 



• • 



I 



46C30 



261 
4058 



11*45 

113'-6 
5308 



9-92 
39052122236 



1496 

13V-5 
5287 

9-32 
27196 



lb. 
50_ 

46 

o 

85 

15-1 

14012 

18-7 

175-6 
4818 



■umace ani 



d Jeu 



lb. 
30 



o 

44*4 

o 

288*4 

19 

17628 

11-45 
268*6 
113*6 
2767 



lb. 
40 



lb. 
50 



9*39 I 9*92 
31000139000 






I 



o 
41*2 



301*3 

19*8 

18387 

14*96 
2583 
139*5 
2773 

9*32 

40680 



o 

44*6 

o 

304 

21*4 

19931 

18*7 
258*6 
175-6 
2741 

9*39 

4409 



i 



These trials show, that although the Jet alone gives a higher 
^ocit; than the Furnace for the consumption of an equal weight of coal ; 
■^ "that mider our arrangement of the Jets, the quantity of air was 
less; and notwithstanding that the ratio of increase at the pres- 
of 30, 40, and 50lb. per square inch was about imiform, the 
>t, reduced to lib. of coal, was less as the pressures advanced, 
obtained throughout the whole of the experiments, and is intel- 
>lc on the principle, that a larger weight of condensed steam has 
raised when the Jet alone is at work, — and to the additional 
ion of the increased volume of steam, maintained at a high tem- 
iture by the ascending current of heated air, when in conjimction 
the Furnace. 



We also find, that the Furnace is slightly assisted by the Jet 
'])ressures of 401b. per square inch and upwards, as a mere mechan- 
effect, the relative values of the single, and combined action, re- 
^^TJed io lib. of coal, being considerably in favour of the former. 



As the disposition of the Jets within the area of the chimney, 
^^ that generally considered as the most economical, we enlarged tht* 
'^"Hfice of each Jet to fin. dia. with a view to ascertain the effect 
"^hen the coal consumed was nearly that of the Furnace ; having pre- 
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viously ascertained, that the diameter of the cone of steam 

from a fin. hole, was not appreciably larger than that from 

apertures. The following Table presents results, as exhibi 

maxim\im effects of the Jet and Furnace. 

Drift End open. 

12 Jets, of 37diii. dia 



Temperature of Drift- 



-Do. ■ ■ of Chimney - 



Maximum Velocity of air in 
chimney — in feet per second — 

Do. Volume of air — in cubic 
feet per minute 



Water evaporated from Boiler — 
in cubic feet per hour 



Furnace coal — in lbs. per hour- 
Boiler coal — in lbs. per hour — 
Cubic feet of air — to lib. of coal 
lbs. of eoal — to I cubic foot of 
water 



BrCTolutions of Anemometer — in 
1 hour 



Furnace. 



Maxi- 
mum. 



o 

38 

355 

22-3 

20805 

3*50 
3566 

• • 
46030 



Ave- 
rage. 





44 

281 

19 

17651 

261 
4058 



lb. 
30 



39052 



o 

44 

92 

15-5 

14444 

36-92; 

286-6 
3226 

7-27 

31956 



lb. 
40 



lb. 
50 



o 

42 

93 

19-7 

18309 

48-66 

39'6-8 
2770 

8-11 

40508 



o 
38-2 

96 
2108 
19586 

60'8 

511-6 
2297 

8-41 

43334 



ar 



.3 

2 

2: 

61 
< 

c 

5 
1 

8 

5. 



The aggregate area of 12 apertures each -375 inches diai 
1*325 square inches, and with considerable exertion, the ' 
pressures of steam in the table were maintained, the Jet safe 
blowing off throughout each trial. 

The Jet fi-om the causes before alluded to, here shows i 
off compared with the Furnace ; and although at the pressure € 
per square inch and upwards, the quantity of air obtained wa 
the same, yet the value of the effect reduced to lib of coal 
verse to the Jet, and increasingly so, with the pressures. 

In conjunction with the Furnace, the former superiority 
chanical effect in volume of air was maintained, but the consi 
of coal was more than doubled to support it. 



Taking 26 023 cubic feet of water as the standard eva] 
power of the boiler, and 60*83 cubic feet of water having bee: 
off to furnish steam at 50lbs. per square inch for this experim 
working boiler power is represented by 2j boilers, — and tak 
gross quantity of coals consumed by Furnace and Boiler, at 
per hour, we have an expenditure of fuel, equivalent to the p 
a steam engine when working expansively, of 92 horse-power. 
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These trials naa uueii made witn cuu uiut end open, and it 
-« necessary to ascertain the relative effects of the two agencies, 
the drift area was reduced, being equivalent to a larger resist- 
or drag. The perforated door was first used, and afterwards the 
was still further contracted by the box, 1 foot square, and 6 feet 





Perforated Door. 1 


Box in Drift end] 




Furnace. 


12 Jets -25 in. dia. 


Furnace & Jets. 


Furnace 


Jet« 


Furnace 
and 
Jets. 






lbs. 
30 


lbs. 
40 


lbs, 
60 


lbs. 
30 


lbs. 
40 


lbs. 
60 


»» 


lbs 
60 


lbs. 
60 


rature ) 
rift 5 


39-4 




60-5 




49-9 




49 




39-8 


o 
41-7 




40-1 




36-3 


o 

39 


Chimney 


o 
304*5 




76-4 




80-1 




83 9 




290 




302-8 




317-4 




661-6'. 






629-4 


lum ve- ) 
' of Air f 
:mney— ( 
per sec. j 


15-9 

• 


6-6 


7-5 


8-4 


16-3 


16-7 


17-7 


4 


o 

B 
.S 

1 


4-17 


lume of) 
in cubic > 
r minute ) 


14802 


6169 


6964 


7765 


16221 


15530 


16447 


3731 


1 
i 

1 


3879 


erapo- 1 

fromf 

-in cub- C 

)er hour 3 


1) 


11-45 


1496 


18-7 


11-46 


14-96 


18-7 


tt 


18-7 


!e Coal) 
)s. per > 


2325 


f* 


II 


)• 


206-6 


206-6 


248 


227-3 


a 


241-3 


Coal in) 
»er hour J 


• 


113-6 


139-6 


175-6 


113-6 


139-5 


176*6 


}f 


o 

1 


176-6 


Feet of) 
) lib. of ^ 


3280 


3258 


2996 


2653 


2862 


2692 


2329 


984 


i 

.s 

-•• 


558 


: C«al to ) 
ic foot of > 


tt 


9'92 


9-32 


9-39 


9-92 


9-32 


9-92 


»i 




9-92 


itions of) 
ometer, > 


32748 


13650 


15409 


17180 


33676 


34360 


36388 


8256 




8582 


" y 






1 1 




' 1 



Great stress has been hid by the advocates of the Jet upon 
elasticity of its power, and its independence of those conditions 
militate so considerably against the Furnace, and ultimately coun- 
t any further improvement of its effect. 



Mr. Gumey, speaking of the Furnace, has designated some fea- 

of its action as paradoxical, and cautions against implicit reliance 

8 indications, they being in many instances deceptive. He sug- 



18 

gests a mode whereby the Furnace relieyea itself from the difficulfk 
to which it is occasiomdly exposed in getting air, by the natural u 
sertion of an " imaginary aeriel plate of air in the upcast " when tl 
resistances are so great, that the proper quantity of air " cannot con 
through the Mine to fiU the exhaustion produced at the bottom of H 
shaft." 

No such '^paradox" is alleged to be connected with the J< 
action, and the " Natural Brattice" is assiuned to be impossible, fro' 
the power of the Jet being a constant quantity and independent of tl 
current of air which it creates. 

The above table however presents a very different and unexpe 
ted state of things, and was so unlike what was anticipated from tl 
prominent advantages ascribed to the Jet in a diminished air course, tb 
I was induced to repeat the experiments, but only to receive additioK 
confirmation. The results are certainlj paradoxical, for not only is tl 
ventilating current with the Jet diminished relatively to the Fumac 
when the Drift End was open and the resistance a minimum, but, 1^ 
effect of lib. of coal, which in table A. shows an advantage in favour 
the Jet is here reversed, and in every element of utility the Furnace h 
the superiority. The Jet and Furnace combined, however still preserv 
its former ratio of increase compared with the Furnace. 

This is still more noticeable when the Drift wm closed by tii 
Box, being now J—th of its former area, and the resistance to the ai 
much augmented from this small size continuing for 6 feet. The Fumao 
and Jet, like the former trials, were still relatively more effective than th 
Furnace, at a largely increased cost of coal. The Jet alone, did not pn 
duce sufficient current to cause the Anemometer to revolve. 

It is therefore clear that the effects of the Jet, mechanical am 
economical as compared with the Furnace, was higher under the sma 
resistance afforded by the short and open-ended Drift, than when th 
Drift End was reduced to one-fourth its former area and the air made i 
pass through 625 small apertures. The relative advantages of the Fm 
nace was still more apparent, when the air was confined to the box, an 
the current forced through a narrow passage 1 foot square and 6 feet long 

The "Furnace Paradox" is here fully illustrated. The highe 
temperature of the chimney is but the natural consequence of the les 
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.tity of air; the coals not being abated in the ratio of the current. Any 
Tesults than these would have been a " seeming fallacy/' 



It is also equally evident, that had there been any ** Natural Brat- 
tice " during the high action of the Furnace upon the upcast column, that 
tHere must have been a very similiar phenomenon generated by the 
Jet. In both a considerable rotatory motion was observed in the chim- 
^*ey, the central part or axis ascending with a imiform velocity, whilst 
^e side currents, rotating around the central one, progressed upwards 
^'^egTilarly, and at a slow rate, and not infrequently — ^when the ^box 
^^^^^ iurther reduced in area — ^took a downward course. 

And next as to its almost illimitable power: Professor Hann 
states *« there is no limit, for all practical purposes, to the power of 
wie Jet." Mr. Forster unhesitatingly afl&rms his belief, that "doubling 
"^® ^ximber of Jets, will be accompanied by double the quantity of air," 
^'^ tlxe distinction is perhaps still more forcibly put among the "Defini- 
'^'^^ "technical explanations" of the "Commons" report of this year : for 
^^ 3"et is there stated as "imder the most perfect control, and is a more 
Po\verfui agent when properly applied than the furnace — ^the furnace 
^^^ producing more than 3 inches disturbance of the water-guage level — 
^ Jet has been shown to produce 15 feet of water-guage." 

* 

Mr. Darlington asserts still more strongly "that there is no practi- 

^^l limit to the power of the Jet, being almost capable of producing a 

^uum ; " whilst Mr. Mather, finding no type in nature within the tem- 

-^^rate regions, has recourse to the phenomense of the tropics, and speaks 

^^^ it superlatively as a "tornado of a power," sweeping away in the 

•^^Icnitude of its might, every contamination to a wholesome atmosphere. 

We think it must be apparent to any one from this language, 

"%hat the advocates of the Jet limit its power only by the practical 

application of boiler power; every additional Boiler, every additional 

Jet adding its rateable contribution of effect. If the speculation be 

pursued to its exti*eme limits, it will thus stand. 

We have seen that a boiler capable of supplying a '58 square 
Uich hole with steam, issuing at a velocity as will be afterwards shown 
of 648 feet per second, and we have therefore only to attach a boiler 
to every equivalent section of shaft area, to convert the shaft into the 
eduction pipe of a high-pressure engine. Taking 1 4 feet diameter as our 
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largest upcast, 88200 Boilers would, assuming the airangement 
ticable, be necessarj before this condition of things was folly reali 



At what point between the application of the Jet in its 
economical form, and the complete occupation of the shaft as an e^vm.^- 
tion-pipe with the exhausting steam, the mere maximum effect woulci 'Mje 
realized, it is of course impossible to say. Possibly, an intermitf^j^^t 
action, like the blast pipe of a locomotive engine, might be found 
afford higher quantities than the continuous issue of the steam. 

We think it however very probable that the limit of inax:^^=^^ 
miun effect would soon be reached. In these experiments, we 
that the relative capabilities of the Jet at 50lbs. per square inch wii 
apertures whose areas are 1 : 2*25 were 14012 : 19586 in volume 
air current; the effect reduced to lib. of coal being as 4818 : 22^ 
or an improvement of 39*8 per cent of effect at an expence of li 
per cent increase of fuel, and this inverse ratio would go on incre 
imtil the further occupation of the shaft by the steam would reduce 
current to a feeble quantity, and before long extinguish it altogethc 





We are aware that objections may be taken to the conical foi 
of the chimney, and its effect in dimishing the force of the Jet, 
the additional Motion to which the steam must be exposed in 
egress ; but the heated air from the Furnace, is as I have sho^^^^^^f 
equally if not more affected by the same cause, and as the height o^ 
the chimney, contrasted with the depth of such of our collieries ^* 
require a large ventilating current is inconsiderable, the results m-^y 
from this very retarding section, approximate more closely to thc^s^ 
which would have been realized had the chinmey been higher, wi^ 
a uniform cylindrical area. 

As the difference in the weights of the descending and ascencffi-^ 
columns constitutes the motive force of the Furnace, — the deeper *Jie 
shaft, the greater the power and circulating current. Fortunately, -i^ie 
coal seams most subject to gas discharges, are the lowest members of 
the section, and here the Furnace is most available. 

The high temperature generated in the upcast, is communicated 
to the shaft, strata, waUing, and metal tub, and these being good con- 
ductors of heat, tend to equalize the irregularities in the rate at which 
the Furnace is fired, and render still more valuable service, in the preser- 
vation of a slowly decreasing ventilating current, in case of negligence. 
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The steam Jet is howeyer deficient in not baying in reserve 
€liis accumiLlated power, and in its unassisted action, it as probable 
tlie air current will be at all times variable, and not infrequently 
liable to be altogether suspended, rendering necessary a constant vigi- 
lance and dose attention, which it is most desirable should, in perform- 
^^^ BO very important a function in colliery practice, be avoided. 

As the effective action of the Jet is attributable to the rapid- 
^*y of the issuing steam ; we think it obvious the lighter the coliunn 
*"^t is propelled before it, whether consisting of air, or watery vapour, 
*^d the sooner it is dispersed in the open atmosphere, the better. 

Perhaps, a position of the Jet so as to admit of the exhaustion 

oi the steam at the top of the chimney, precisely where the cone become's 

^J^gnlar in its outline, and its force impaired, would afford a much 

^^gher standard of effect than in any other position, and certainly 

^^d be more effective than the situation recommended by its advo- 

^^^s, at the bottom of the shaft. 

Approximately, the velocity of the steam issuing through a Jet, 
"^Olhs. per square inch, would be, taking the formulae — 

=^=: v(^j^'^t)= 1904 the volume of steam when discharged at 

401bs. x)er square inch 
t' its temperature 
t the temperature, and v the volume of steam 1711 

at the pressure of the atmosphere. 
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«is the difference in the height of two columns of steam having 
^^x^ies of 1904 and 1711 respectively — ^water being unity — ^is 6562 
I ^» and adopting the expression S \/h, we have 648 feet* as the ve- 
^"*^ of discharge in feet per second, whilst the mean velocity in 
chimney, deduced £:om the revolutions of the Anemometer, is but 
feet per second. 

Strictly, the comparison should be instituted between the velo- 
to which the steam is reduced at the distance of 4^ feet from 
Jet, yet between its velocity at this point and that of its mean ve- 

*The velocity calculated from the water evaporated is higher than is fiir- 

^lied by the formulae, being 905 feet per second. This discrepancy may be 

insc to the difficulty in exactly defining the volume of the steam, at the point 
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locity in tile chimney there is still so remarkable a loss of power t?.^^^^^ 
the best position of the Jet is too self-evident to admit of fiirt;>-^^j 
illustration. 

The only utility of its position at the bottdm of the Pit is 2n 
the very inconsiderable ranging influence it possesses, due to a diSEk^ 
rence of temperature of some 40^ or 50o, but this can in nowise coxai- 
pensate for the loss of mechanical efiect when so placed. Nothing- ia 
more easy to provide against, than the fissures of the surface alluyiiz.xii; 
to which Mr Gumey alludes, as almost his only argument for remov- 
ing the Jet to the bottom of the upcast. 

And we think it even questionable, where underground enginefl 
are in use, and the depth of the shaft exceeds 400 or 600 feet, whether 
the loss of power, in the propulsion of the eduction steam through small 
orifices, and the necessary increased wear and tear of the boilers froin 
having to be maintained at a higher pressure, will be compensated by the 
insignificant increase in many instances, and in the most favourable and 
extreme cases, but trivial improvement in the air current, derived from 
the substitution of a Jet apparatus for the ordinary waste pipe, as an auxil- 
iary to the Furnace, if the latter be but judiciously applied. 

Doubtless, many instances may occur, where the Jet may be at- 
tached as a useful adjunct to a Furnace, and may afford valuable aid in 
the opening out of new winnings or old wastes where air courses are 
limited. It may also be advantageously employed where Furnaces are 
inadmissable ; and the experienced viewer in the course of his practice, 
will be enabled to recall many occasions, where its use would have saved 
much anxiety and outlay. 

* 

It is not however in these comparatively rare and exceptional 
cases, that the two agencies ought to be compared. It is in the ordinary 
condition of a colliery, conducted on the most approved principles, with 
full freedom and scope for the introduction either of the Furnace in its 
best proportions and situation; or the Jet under its most favourable 
features and with none of those extreme causes present, to incline particu- 
larly to the one or the other, that these experiments are intended to have 
special reference, and these observations are I submit fair matter of 
inference. 

The general conclusions we would draw are the following. 
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1. In sliftfts of all depths, the consumption of att# equal weight 
coal will produce a higher ventilating current from the Furnace than 
3 Jet. 

2. That the difference in fayour of the Furnace when the Jet ii 
ced at the bottom of the shaft, will be increased as the depth, but in 
ligher ratio— the longer column, adding to the exhausting power of 
3 Furnace, and diminishing that of the Jet. 

3. That in the production of equal currents of air, the Furnace 
the more economical agency of the two. 

4.. It is probable that in all shafts, where iihe temperature is 
ficiently high to preserve the steam from condeneation, that a larger 
tchanical effect — a larger volume of air will be obtained when the 
imace is assisted by the Jet — ^the consimiption of coals however being 
gely increased. 

And lastly. — ^That the Jet except in conjunction with the Furnace, 
d whether placed at the bottom, or top of the shaft, is, from the lia- 
ity to sudden stoppage and irregidarity of motion incident to all ma- 
ines, im£tted for the very important function «f ventilating our deep 
d extensive collieries. 
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OFFICE, NEWCASTLE-ON-TYNE. 

Nicholas "Wood, Esq., Pbesident of the Institute, in the Chaib. 

It being desirable that complete experiments should be performed 
for the purpose of testing the capabilities of the Steam Jet for Yen-* 
tilating purposes* 

Ilesolved, 

That the next General Meeting of the Society be postponed 
nntU Friday, February 4th, by which day a fiill account of the expe-^ 
riments is expected to be ready, and that the various papers and com* 
mimications on the subject be read on that day, and printed as soon 
as possible afterwards with a view to the Members of the Society being 
furnished with copies previous to the General Meeting, on the 4 th of 
March, which is appointed for the discussion of the subject. 
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GENERAL MEETING IN THE LECTURE ROOM OF THE 
XITERARY AND PHILOSOPHICAL SOCIETY, NEWCASTLE-UPON-TYNE, 

FRIDAY, 4th FEBRUARY, 1853. 

X^icHOLAs Wood, Esq., President of the Institute, in the Chair. 



The minutes of the last General Meeting and of the Council Meetings 
liaying been read, Messrs Jolm Hedlej, Joseph Smith, Francis Stanier, 
William Greene, Jun., Henry Plews, Thomas Murray, John H. Hunt, and 
Robert Hawthorn were elected members of the Society. 

The President then said that Dr Glover had submitted for the inspec- 
tion of the members of the Institute an improved safety lamp; and, as that 
gentleman was present in order to explain the principles upon which his 
lamp was constructed, he thought it would be desirable to dispose of that 
business first. He would, therefore, with the approval of the meeting, 
request Dr Glover to proceed with such explanation as he was prepared to 
offer. The subject was not only interesting in a scientific point of view, 
but it was one which came peculiarly within the province of the Institute 
to investigate ; and was, besides, one of the highest importance in mining 
operations. After Dr Glover had given his explanation, he should be 
happy to listen to the observations any of the members might think proper 
to make upon it. 

Dr GiiOYER, exhibiting a lamp constructed on the principle he recom- 
mended by Mr Cail, Optician, Newcastle-upon-Tyne, said :-— I shall not 
occupy your valuable time unnecessarily by attempting to say much to 



parties so well acquainted with the subject as you are, but shall proceed at 
once to point out the peculiar merits of this invention, which is the joint 
production of Mr Cail and myself. We have worked together from the 
beginning, and I, therefore, deprecate its being called my lamp. Without 
any further observations on that point, I shall now proceed to make a few 
practical remarks ; and, in the first place, I would remark that anything 
like abstract protection from gas is entirely out of the question. I will 
shew you why. When we burn gases that are highly explosive, such as 
carburetted hydrogen and oxygen, we use a brass tube such as I now hold 
in my hand — (about six inches in length and half an inch in diameter). It 
is filled with wire, packed tight, and through the centre of it a brass pin is 
driven home. With such an instrument as this, I have burnt oxygen and 
hydrogen repeatedly, at the risk of my life should an explosion have occurred; 
and I may, therefore, say it contains the principle of perfect safety. I be- 
lieve Sir Humphrey Davy himself stated that, where there was gas, 
his lamp was not safe in a current. I know there are doubts upon that 
point, but, dealing with it as an admitted fact, we set to work to ascertain 
how it could be cured. Now, the great defect of the Davy lamp is, that it 
does not give a sufficient amount of light. These lamps are used where, 
otherwise, candles should be used, on account of the deficient light of the 
Davy. Now, we do not contend that our lamp is a perfectly safe one, for, 
as I said before, we have not to deal with a perfect safety lamp ; but we 
do contend that it is greatly more safe than any at present in use. In this 
lamp we have a double cylinder of glass, the outer one being a quarter of 
an inch in thickness ; and between these cylinders there is placed a double 
wire gauze, through which the air passes to feed the fl%me. If the outer 
glass should happen to be broken, the lamp would continue to be a safe lamp. 
Another advantage this lamp possesses is, that it becomes extinguished in 
a very explosive atmosphere. It is also a good test lamp, for it soon ex- 
hibits those appearances so well known among miners as indicating the 
presence of carburetted hydrogen. It is hardly necessary for me to remark 
that a double cylinder is much stronger than a single one, and that if one 
should be broken the lamp would be a safety one for a time. I hare re- 
ceived reports from several gentlemen who have tried this lamp ; but^ as 
most of them are present, it is not necessary for me to occupy your time in 
stating their opinions, which are generally favourable. I have reoeired 
one unfavourable report, however ; but, as the conclusion arrived at is con- 
trary to my own observations, and those of others, I cannot but think there 
has been some mistake committed in the course of the experiments, I have 



CIO intention to press this lamp upon you contrary to your own convictions ; 
^you are the best judges in the matter, and I leave it entirely in your hands. 

Mr Groudagb. — How is it that the lamp becomes extinguished in a very 
explosive atmosphere ? 

Dr Glover. — The fact has been ascertained ; it is not the result of my 
own experiment, and I must, therefore, decline to give an explanation. 
Upton and Roberts's lamp and Stephenson's also go out. 

The President. — ^The reason why the lamp goes out is, the diminished 
i^nantity of air which gets into it being unable to support combustion. 
This lamp is very like Stephenson's in principle. The air enters through 
the vnre gauze, and when it becomes highly explosive there is not sufficient 
oxygen present to support combustion, and it consequently goes out. 

Dr Glover. — When a large quantity of carburetted hydrogen is mixed 
with the atmospheric air the lamp goes out 

Mr T. Y. Hall. — Yes ; but it first explodes within the lamp. 

Mr Reed. — ^This lamp is somewhat similar in principle with Stephenson's, 
but it will bum for a longer time than Stephenson's ; it does not go out so 
soon, and that is an advantage. 

The President. — I do not think it an objection to a lamp that it goes 
out. I rather consider it a principle of safety in Stephenson's lamp that 
it goes out in a very explosive atmosphere. I do not think any mine ought 
to be worked when the lamp goes out. This lamp will admit more air than 
Stephenson's does; but, the quantity being still limited, the light will become 
extinguished at a certain point. 

Mr Armstrong. — As I am one of the persons alluded to by Dr Glover, 
I may state that I quite satisfied myself firom experiments made in all gases 
that this lamp is self-extinguishing. 

The President. — Will you explain whether that is on the same principle 
or not as Stephenson's ? 

Mr Armstrong. — The principle in that respect is the same, and it is 
extinguished on the same principle aa Stephenson*s. 

The President. — After the oxygen is consumed the air left is not fitted 
to support combustion, and the light goes out. 

Mr Armstrong. — Yes ; but you are aware that, if the lamp be put into 
an explosive mixture when the light goes out, the combustion of the gases 
goes on. This lamp is, in point of fact, the same in principle in that respect 
as Stephenson's, but it has two glasses. 

Dr Glover. — I would wish you to state, Mr Armstrong, whether or not 
you consider it to be a practical lamp, because Upton and Robert^s's and 
others are not capable of being practically used. 



Mr Armstrong. — I think it rather a complicated lamp, becaiuse it is 
composed of so many parts — six or seven "parts — and, therefore, from the 
complication of its parts, I say it is objectionable for general nse among the 
workmen ; bnt as a depaty*s lamp, or an oyerman's lamp, it is not an ob- 
jectionable, but a superior one. I object, first of all, to its being of glass, 
and second, to the complication of its parts. 

The President. — We are very much indebted to Dr Glover for exhi- 
biting the lamp, which exhibits great ingenuity in its construction. But, 
somehow or other, I cannot get over the feeling that lamps not protected 
by gauze are perfectly safe. I must confess, I would like to see the lamp 
covered with gauze outside. Still that is no objection to the lamp, as com- 
pared with Dr Clannys and others ; I think, in fact, it is an improvement 
upon Dr Clanny^s lamp ; I think the principle of going out a very good 
one. 

Mr Elliott. — I wish to say a word in defence of Dr Clanny^s lamp. 
I have had a good deal to do with it ; and I would feel obliged to Dr 
Glover if he will point out how his lamp is superior to Dr Clanny's in 
light, safety, or in self-extinguishing. 

Dr Glover. — I have great respect for the abilities of Dr Clanny, and I 
was, in fact, the person who presented a testimonial to him in Sunderland, 
but I do not think his reputation is at all involved in this question. The 
simple question is, whether or not this lamp is an improvement upon his ; 
not only in having a double cylinder, but in the passing of the air between 
the two. I can assure Mr Elliot he may hold this lamp in his hands for 
hours, when he could not do so with Dr Clanny's. 

Mr T. S. Hall. — It seems to be exceedingly well made, and very 
portable. I think it a very good lamp. 

Dr Glover.— The principle upon which Dr Clanny went was this : — 
he supposed, and there is a diagram representing his idea in a report of 
Dr Reid's, that the air to feed the flame came down in converging curves, 
and went off from the flame in diverging curves ; both having much the 
same form, but differing in direction. That was his idea, and what he con- 
sidered the great merit of his lamp. Now, any lamp having holes at the 
bottom simply does away with that principle. 

Mr Elliott. — I am, perhaps, unduly partial to the Clanny lamp ; but, 
at the same time, as the subject is before the meeting, I think it but fair 
to state that I have worked with it for several years — six or eight years. 
I have employed several hundreds of them ; and in no case have I been 
made acquainted with a single instance where the safety of the miner has 



been imperilled by any accident to the glass. We hare a large increase of 
light firom it ; and, with respect to the circumstance of which Dr Gloyer 
complains, I will only say you may take a Clanny lamp and sit with it 
until doomsday, and it will not become heated, unless where there is a very 
large quantity of gas. 

Mr Easton. — The cause of their getting hot is, that the lower meshes 
get clogged. If they are kept clean, they remain perfectly cool. We use 
them at Hebbum, and we find no difficulty, except what arises from 
putting a somewhat complicated instrument into the hands of a coal-hewer. 
The great difficulty we meet with arLsjes from the fact that the men, unless 
carefully watched, suffer them to get very much out of order. 

Mr Akderson. — I beg to propose a vote of thanks to Dr Gloyer. I 
cannot speak as to the merits of the lamp, but we are certainly very much 
obliged to him for the lamp he has exhibited here to-day. 

Mr Easton. — I second the motion. 

The President put the motion, and it was carried unanimously. 

Dr Glover. — On behalf of Mr Gail, and for myself, I beg to thank you 
for the honour you have done us. 

Dr Glover and Mr Gail then retired, leaving the lamp they had exhi- 
bited in the possession of the Institute. 

The President then read a continuation of his former paper on the 
comparative merits of the Furnace and the Steam Jet in the ventilation of 
Coal Mines. After reading it, he said he hoped to have the paper printed 
in the course of a fortnight, and it was the intention of the Council to have 
the discussion upon it at the next meeting of the Institute. He had hoped 
that to-day they would have had some communication from Mr Elliott. Mr 
Barkus had also a paper on the same experiments. It would be desirable 
to have all these documents before them before going into the discussion. 
There was likewise a paper from Mr Taylor, detailing some experiments 
made at Hol3rwell Colliery, of forcing air down the shaft by steam jets. 

Mr Elliott. — I think those papers will not be in the hands of members 
sufficiently long to enable them to enter into the discussion of them at the 
next meeting. Would it not be better, therefore, to adjourn the general 
discussion until the meeting after next ? However, if that is not approved 
oi^ I think it desirable that printed copies of the papers should be sent to the 
members as soon as possible. 

The President. — The Council think it desirable that the discussion 
should take place before Parliament meets. You are aware that a Committee 
of Inquiry is to be moved for, and it may be desirable to give evidence 
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before that Committee on the subject, in which case it would be better to 
haye the discussion previously. 

Mr Dunn. — Would it not be practicable to have all the papers ready 
for distribution in a fortnight ? 

The President. — I am afraid not, for we have not received the whole 
of them yet. The experiments have extended to a much greater length 
than was anticipated. 

Mr Elliott. — I do not think the experiments which I have conducted 
will go further than those of Mr Wood, but I would wish for my experi- 
ments to be incorporated with the general experiments made with respect 
to steam ventilation. I would remark that the general experiments have 
gone to shew, first, that furnace ventilation, with the same consumption 
of coal BS that with the steam jets, is greater than that produced by steam — 
I do not say how much, but considerably more than with steam ; and, 
second, that the quantity of air is much greater with the steam and furnace 
together than with the furnace alone. There are a great many facts that 
have been elicited with respect to temperature, but it is not necessary the 
meeting should listen to them at present. These experiments will be per- 
manently recorded in the archives of the Institute, and may be referred to 
by future members. 

The President.— It would be desirable to have the acccount of your 
experiments piinted along with the others, because they were made at pits 
of less depth. My experiments were made at the depth of 150 fathoms, 
and yours, I believe, at about 60 fathoms. The experiments made by Mr 
Green well were in a sliaft of 40 fathoms deep. He erected the steam jets 
at a depth of 30 fietthoms, and in that way he got more air by means of the 
furnace than by the jets, although the shaft was only 40 fathoms in depth. 
It would be very desirable, therefore, to have all these experiments set forth 
in conjunction with those made in deep shafts. The Council, and Mr Taylor 
particularly, thought it desirable that the discussion should take place at the 
next meeting. At the last meeting of the Institute of Civil Engineers, a paper 
was read by Mr Joshua Richardson upon the subject. I was present on the 
occasion, and the members thought it very desirable that our discussion should 
take place as soon as possible, so that the subject should receive a full 
discussion under the most favourable circumstances for elicitinor the truth. 
I told them what was going on here, and they agreed to defer the remainder 
of their discussion until they had an opportunity of ascertaining what we 
were doing. But there was a general feeliog that the discussion should 
take place before any parliamentary measures should be taken on the 
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dR]> FEBRUARY,. lUfidt 

lifR. Fresidbkt amp Gentleaiex, 

My object in appearing before you on the present occasion, has arisen 
10 consequence of the numerous advocates that have made their appear- 
ance, to take part in discussions on the superiority of Steam Jet Ventila- 
tion when compared with the Furnace. 

The limited experiments that I have to lay before you, were made 
under feelings entirely ^ee from party or prejudice, being induced in con- 
sequence of having within reach, at a small cost, the means, at Team Col« 
liery, to test the two contending claims fairly. 

I have been employed in Coal Mines upwards of 50 years, and as a 
Colliery Viewer since 1811. I have had the management, during the 
latter part of this period, of several extensive Mines — some of which may 
be fairly considered as dangerous — and feel it a duty due from me to 
bear testimony to the existing system of Fumance Ventiktion, as being, in 
my opinion, superior to any other method yet discovered ; and by moans 
of which I have been enabled to perform arduous and occasionally dan- 
gerous duties, without having lost a single life by explosion. 



I need not remind the Collieiy Viewers present, who hare had tlie 
direction of Mining operations where accidents have occurred to cause the 
loss of life, how frequently they have been branded with severe censure hj 
parties entirely uninformed of the nature of such misfortunes, the dread of 
which ought to be considered sufficient to incite any man possessed of 
ordinary feelings to do the utmost in his power to avoid such calamities. 

My object in becoming a member of this Society has been purely with 
a view to endeavour (with the assistance of my brethren of the profession) 
to find out improved methods of management ; more particularly in order 
to obtain greater safety by an increase of Ventilation, and to point out the 
inapplicability and danger of introducing false theories when they present 
themselves. 

I feel most grateful to those scientific gentlemen who have taken a 
part in assisting to promote our views ; and trust that our discussions, 
when brought before the public, will have the effect of shewing that we 
have not been inattentive to the safety of our fellow -beings, with whom 
we are equally exposed to danger, and that we are not so entirely destitute 
of scientific knowledge as has at times been ascribed to us by parties in 
the metropoHs. 

The apparatus by means of which the following results were ascer- 
tained, remains attached to the Boilers and Steam Jets, and may be ex- 
amined by our excellent President and Vice-Presidents of the Institute, 
together with our respected Mine Inspector for the district, at any time on 
due notice being given. 

It wajs intended to proceed with those experiments to a greater extent; 
but, in consequence of the Pumping Engine being so heavily laden with 
water during the late wet season, we have been prevented from having the 
use of the Boilers. 
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These Pits were selected, one a Downcast, and two separate Upcasts, 
in one of whicli Steam Jets were fixed, and in tlie other the Furnace; pro* 
Tision being made to shut off the Upcasts entirely from each other. 

In order to equalise the depths of the Pits as nearly as was practicable, 
a tight scaffold was put into the Downcast and Steam Jet Upcast, at the 
level of the Seam in which the Furnace is placed. The depths stood as 

follows : — 

Fms. ft 
Downcast ...... 22 2 to the top Goal-Seam. 

Steam Jet Upcast . . . 25 1 

Furnace do 44 2 

Diameter of each Pit, 7ft. 9in.- Area, 47 feet. 
Area of Air-way, 10.5 feet, or nearly one-fifth of area of Upcasts. 
Distance from Downcast to Furnace Upcast, 308 yards. 
Do. do. to Steam Jet do., 183 yards. 
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The first Experiment was made in order to aacertam tbe namber o: 
Beilers required to rapply the Jets. 

Three Boilers applied, each 21 feet by 6 feet, were sufficient. 

with quick firing, to supply the Jets at a pressure of 30lb8. 

per square inch. 
Steam Pipes, leading to Jets, 3in. diameter, 7.068 in. area. 

67 Jots, each 0.17 in., or nearly three-sixteenths of an in 
diameter; aggregate area, 1*52 in. 

Jets placed at 27 feet from top of Pit. 

Before the Jets were put in operation, there was a natural curveo^ ^ 

passing from the Downcast to the Steam Jet Upcast of 7,560 cubic feet ^ 

per minute, as measured, by the anemometer, which may probably have -^ 
been caused by the previous heating of the Upcast Shaft. 



EXPERIMENT No 1— TABLE 1. 

Five Boilers attached, and a plentiful supply of Steam furnished to- 
the Jets, at a pressure of 30 lbs. per square inch, measurements of air 
taken by Biran's anemometer— see Table. 

After the above Experiment, the Jets were allowed to blow off for 
half-an-hour — steam at the same pressure. 

Fiye observations, taken with the anemometer, and the same result 
obtained. 

Steam raised to 35 lbs. per square inch. 
No increase obtained to the quantity of air. 

Beduced the number of Jets from 67 to 25, and the Steam to 25 Ibs^ 
per square inch pressure. — Result, see Table 1. 

Ko. 2 Experiment shews a loss of 2,741 cubic feet per minuteu 

Closed off Steam Jet Upcast, and opened a communication through 
the same Airway to the Furnace. 



Measurements taken by anemometer — see Table 1, No. 8 £jq>eriment> 
iifliich shews an increase of 6,741 cubic feet per minute in fayour of the 
Furnace. 



IOth NOVEMBER, 1852. 
Ezperimente resumed. 

Length of Air-waj to Steam Jet Upcast increased from 183 to 1 827 yards. 

Do. do. to Furnace do. „ „ 308 to 1777 „ 

Depth of Downcast increased from 22 to 62 fathoms. 

Upcasts, area of Air-ways and Steam Jets, remain the same as in the 
former Experiments. 

EXPERIMENT No. 4. TABLE 1. 

In this experiment, more Boilers were applied than were necessary 
to supply the Jets ; and it would, therefore, appear that a greater quantity 
of Coal would be consumed than was required to pass the quantity of air 
given in the table. 

With two Boilers applied, and with yeiy hard firing, the Steam in 
the discharging pipe was maintained at a pressure of 28.8 lbs. per square 
inch, during 1 hour and 15 minutes. 

Weight of Coal consumed, 9.6 cwt. per hour, being 2.4 cwt. more 
than the consumption of the four Boilers^ It may, therefore, be fairly 
assumed that three Boilers would be required to supply the Jets with 
Steam, at a pressure of 30 lbs. per square inch, with moderate firing. 

One Boiler applied (Steam blowing through same area of Jets). 

At the end of 1 5 minutes. Mercurial Guage fell from 29.1 2 to 24.0 per sq. in. 
„ 30 do. do. „ 23.0 

„ 45 do. do. „ 22.5 

„ 60 do. do. „ 22.0 

Weight of Coal consumed, 4 cwt. 

It will be observed that the quantity of air passed through the in- 
creased length of air- way was reduced from 11,613 cubic feet to 2,310 cubic 
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feet per minute, being a loss of 9303 cubic feet, or in the ratio of 566 cubic 
feet for each 100 yards of increased run. 



EXPERIMENT No. 5.— TABLE 1. 

Furnace. 
With the increased length of run, the quantity of air passed was 
reduced from 18,354 cubic feet to 12,520 cubic feet per minute ; being a 
loss of 5,834 cubic feet, or in the ratio of 397 cubic feet for each 100 yards 
increase of run. 



EXPERIMENT No. 6.— TABLE 2. 
Steam Jets enlarged to 0.25 in. diameter Aggregate area, 3.28 in, 

TWe Boilers applied — Mercurial Guage on the blast pipe main- 
tained at 25 lbs. per square inch. 

Steam blowing ofif at the Jets 30 minutes before the measurement of 
the air was taken. 

With the enlarged Jets, the quantity of air was increased from 2,310 
cubic feet, to 3,675 cubic feet per minute. 

EXPERIMENT No. 7.— TABLE 2. 

FUBKAOB. 

Closed off the Steam Jet Upcast, and opened the communication to 
the Furnace — length of run and area of air-ways remaining the same. 

Quantity of air passed, 13,500 cubic feet per minute ; being 9,825 cubic 
feet per minute more than was obtained by the Steam Jet. With quick 
firing, the quantity was raised to 14,600 cubic feet per minute. 
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XPERIMENTS WITH STEAM JETS, 



AT EAST HOLYWELL COLLIERY, 



llTH AND 12th DECEMBER, 1853. 



BY THOMAS JOHN TAYLOR, 



The depth of the Upcast Shaft is 46 fiebthoins : its diameter, 9^ feet. 

The usual mean temperature is 100^ to 105°. 

The gross quantity of air is 30,312 cubic feet per minute. 

The quantity of coals consumed by the furnace ayerages about 40 
^. per day, equal to 186^tb per hour, equal to 3*1 lib per minute. 

so S19 

The duty per pound of coal per nunute is therefore (-s^=}9,746 
abic feet. 

The Steam Jet apparatus made use of was applied at 8 fathoms from 
le surface, and contains 40 jets, each three-sixteenths of an inch in 
ometer, and distributed equally oyer the cross section of the shaft; the 
ctional area of each jet is *0275 square inch; and. of 40 jets 1*100 
[uare inch : the pipes immediately supplying the jets are two inches in 
ameter : the main pipe is 3 inches in diameter, and is connected with a 
eam boiler 30 feet in length, and 5^ feet in diameter, the steam in which 
as kept at 36Ib pressure on the square inch during the experiments. 
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The Jet apparatus is constructed with a side flange pipe, to admit of 
the application of the jets either upwards or downwards in the shaft ; a 
main object of the experiments being to determine the result of the jet 
action when applied in a direction opposed to that of the furnace, and 
which also is the reason of the jets having bedn placed at only 8 fathoms 
from the day. 

On the first day*s trials, the Jets were made to act in the same direction* 
. as the FurQWB* Yenidkiiioo. Bt veneated asferBBiieit& it wms found that 

»mp. of -If 

irnai air when the mean temperature of the shaft, as due to the furnace, was , 

eg.' 95°, the Furnace and Steam Jets together produced the same result as the 



furnace alone at a mmm ismipmttJixm «i )M^. 



CaU«feet 
permioute. 



Now, the quantity of air, at a temperature of 104* from the 

furnace, is . . • ' 30,312 

And the quantity,^ at ^ temperature of 95° from the furnace, is 27,556 

Diflbrence, representing the quantity gained by the applica- 
tion of the Steam Jet 2,756 



T|k«a the fuandiy Am t» Hm f&HmaL JM, ludNP ^ mmamOSasicea 
described, was almost exactly the eleventh part of the aggregate quan^ 
tity ; the remaining ten-ei0T«]ilhs< fteing d£f»» W A# adnw» ol 



On the secon<f i&yB experiments, the operatfom of ^ Steant Jets was 
Bmp. of reversed ; being placed in direct opposition to the Furnace Ventilation, 
51 and "^th 2L r'iew to cause a recoil of the regubr air curreal^ if it s&ould be 



®** found practfcabfe to do so. 



Cubic feet 
IMminiite. 



At tb» time the Jets were set on*, t'he mean temperaituro of 
the Upcast was 104% being the full extent to which the furnace 
temperaturQ is usuaj^y carried in thi^ shafts The ^itftntity of 
air was 30,312 

The Jets were tten set on in opposition to ijie Furnas Yen- 
tiTation. P^tfcaffy, the effect was wsrcely perceptible, but on 
tiiaT, it wTw found that tte q^ua^t^ty o( air was reduced to , . 274 "^ 

Dfflferettce'oatisedby thereactioiiof the Jets . . . 3^,lf>^ 
heing ajbpjuit pudrtesidi jfsustp. 
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The attempt to oanse a reversal of the current by the operation of the 
Jets was persevered in by reducing the Furnace Yentilation to a veiy low 
point ; so low, indeed, as a mean shaft temperature of 68**, with an air 
Tolume of only 14,434 cubic feet per minute. But when the Jets were set 
on with the shaft in this state, no reversal of the current ensued. 



It will be observed, that only one steam boiler was used during the 
exi>eriments ; but that boiler consumed at the rate of 74 cwt. of coals per 
day, being 85 per cent, more than the underground furnace, with which 
its power was compared, although its performance amounted to only an 
eleventh of the entire duty by Furnace and Jets together. And if we con- 
sider the relative powers by which the joint effect was produced, the 
difference is very much greater ; those powers being as the squares of the 
effective velocities (or, which is the same thing in this case, as the squares 
of the quantities of air) due to Furnace and Steam Jets respectively. 

From the experiments tried, and of which a sample only has been 
given, it would not be difficult to deduce equations, shewing the separate 
resul^ due to the Furnace, to the impulse of the Steam Jets, and to 
the rarified column occasioned by the latter. And such was my intention 
in writing this notice. On further consideration, however, I prefer waiting 
for that larger basis of investigation which will be furnished by the numer- 
ous other facts and experiments shortly to be laid before the Society. 



DEN COLLIERY, 

From, Experiments mad 'he Shaft only^ after ike Furnace had been out from five 

\t of the Upcast Shaft given. 



SURE. 



UPCAST SHAIT. 



1 St. — With the Furnace aloi 
in the Hutton Seam 
fathoms from the si 
tant from the Upcast 
made October 19th, coi 
A.M., and finished at L 



153Fathft 
it below 
w Main. 



125* 



I 



2nd. — With the Furnace as 
Steam Jet applied in 
fathoms from the surfa 
plied from three High-; 
long each and 6ft. dia 
surface, by a 4-inch Pi 
BoUertolipofShaftSl 
the area of the Shaft b; 
5-16ths of an inch dii 
of Jets 3*22 square in 
a 2-inch Pipe. Boiler' 
the square inch. Ex 
October, commencing 
ing at 6*30 P.1C • • 



126* 



3rd.— Without either Fi 

only the heat of the 
made 20th October. ] 79*" 
S A.M. Commenced ezi 
A.M., and finished at 11 



4th.— With the Steam Jet 
made 20th October. £ 
o'clock A.M. Commencea 
A.M., and finished 2'dO i| 



76' 



Comparison with 

Furnace alone (No. 1.) ^25^ 
Furnace assisted by Stej 2250 
Increase by assj 



At 127 Fatbs. 
last below 
Main Coal. 



Comparison with 

Furnace alone (No. 1) 
Steam Jet alone (No. 4^ 
11| hours • . 

Deorease with i . 



126* 
76^ 



93*^ 



93' 



Ju&t below 
Surface. 



81* 



105' 



72« 



7r 



69' 



102' 



93* 
93* 



81* 
105* 



93* 
71* 



81* 

102* 



CUBIC FEET OF AIR PASS^ 

IKG THROUGH THR MiK». 

IN ONE MINUTE.. 



Main 

Coal 

Seara. 



Low 

Muiu 

Seam. 



Hatton 
Seam. 



Tonr. 



10020 9691 229591 42670 



11785 10956 23965 



8357 



9872 



7000 



14950 



46^03 



30307 



8400 17350 35622 



10020 
11786 



9691 
10956 



1765 



10020 
9872 



1265 



9691 



22959 
23065 



42670 
46706 



1006 



4036 



22959 42670 



8400 17350 36622 



1481 1291 5609. 7C48 
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REMARKS RELATIVE TO THE VENTILATION OF THE 

CASTLE EDEN COLLIERY. 



■^ \./\^N.>'\yx>'Ny«/>xv/\/ \y\y\ / \/\y^ / K^\^\y\y\^y^\y\^ \> 



The Hatton Seam carrent onZy passes over the Farnace ; the air from 
the two Upper Seams returning into the Upcast Shaft, at the respective 

# 

Ingates^ without passing over the Furnace. This accounts for the greater 
increase in the Main Coal and Low Main Seams by the assistance of the 
Jet ; and for the greater decrease in the Hutton Seam than in the other 
two Seams, when the Furnace was out, and the Steam Jet only applied. 

Area of Downcast Shaft, after deducting spaces occupied by Pumps, 
fiuntons, Slides, &c. .--_-- sup. feet. 



Area of Upcast Shaft ...... 58*5 



99 



Temperature at face of workings in the Main Coal Seam, 60 deg. 
^^hen the temperature at the Intake was 59 deg., and the return 61 deg. 
I?ahrenheit. 

Temperature at face of working in Low Main Seam, after passing 
t^lurough Stables, 64 deg. when the temperature at the Intake was 62 deg., 
^nd the retom 62 deg. Fahrenheit. 
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GENERAL MEETING, HELD IN THE LECTURE ROOM OF THE 
TERARY AND PHILOSOPHICAL SOCIETY, NEWCASTLE-UPON-TYNE, 

FRIDAY, MARCH 4. 1863. 

Nicholas Wood, Esq., President, in the Chair. 



The minutes of the last General Meeting and of the Council Meetings 

ving been read, 

Messrs John H. Forster, Robert Nicholson, Martin Seymour, and Wm. 

awthom were elected Members of the Society. 

The President said he believed this was the day set aside for the dis- 
^sussion on the comparatiye merits of the Furnace and the Steam Jet in the 
ventilation of collieries. He was sorry to say the printing of the papers 
:7elating to the experiments which had been made upon the subject had 
occupied much longer time than he had any idea of, and he believed, there- 
fore, that the experiments made by himself were in the hands of only a few 
members at the present moment. The delay had been caused by the great 
length to which the experiments extended, the number of plates to be pre- 
pared, and the tables introduced ; he believed the printers had done all 
they could-^-they had been working for the last month, but only a few 
copies were yet out of their hands. He had also received a letter from Mr 
Elliott, who, they would recollect, had been making a great many experi- 
ments^ which he said he would lay before this meeting. That gentleman 
was in London, and could not attend on the present occasion. (The Pre- 
sident having read Mr Elliott's letter, proceeded.) Under these circum- 
stances, he thought it quite impossible they could take the discussion 
that day with any of sort of advantage; on the contrary, he thought it 
would be much better to defer the discussion for another month, when 
gentlemen would have an opportunity of reading over and carefully digest- 
ing the contents of the several papers, and would come prepared to discuss 
the question. He considered one meeting should be entirely set aside for 
the purpose of such discussion, in order that they might endeavour, if possi- 
ble, to set this important matter completely at rest. There had been some 
other papers put into his hand for reading, which would be now read. Mr 



Dnim had also made application to read to this meeting some experiments 
which had been made by himself and the other Government Inspectors at 
Seaton Delayal ; bat, as these experiments had been published, thej conld 
not be incorporated in the proceedings of the Institute. The Council, how- 
ever, saw no objections to their being read. 

Mr Dunn then read a " Report on the Ventilation of Mines, with refer- 
ence to the Steam Jet and Furnaces at Seaton Delaval Collieiy," prepared 
by himself and the other Inspectors of Coal Mines. 

The President. — With reference to the quantity of air due to each pound 
of coal, it may be necessary to state that four boilers were used, and 33 
jets of three-sixteenths of an inch in diameter ; now, 33 jets could not by 
any means pass the steam raised by the four boilers. Therefore, the quan- 
tity of fuel used by the four boilers would hardly be an accurate measure 
of the quantity of air due to each pound of coal when used as a steam jet, 
as all the steam did not pass through the jets. In one of his experiments 
with two boilers and 40 pounds to the inch pressure, 61 jets, three-sixteenths 
of an inch in diameter, were required to pass all the steam generated by 
those two boilers. 

Mr LoNGRiDGE. — Was the pressure of the Steam Jets ascertained in Mr 
Dnnn's experiments as well as that upon the boilers? 

Mr Dtjnn. — ^The pressure on the boilers was about 35 lbs. to the inch. 

Mr LoNGRiDGE. — ^Then you might have had a very di£ferent pressure at 
the jets. There must have been a throttle valve between the boilers and 
jets. 

Mr Dunn. — Yes. 

Mr LoNGRiDGE. — Then the pressure at the jets would depend upon the 
opening through that valve. With 35 lbs. pressure upon the boilers 
there might not be more than 5 lbs. pressure passing through the jets. It 
is, therefore, very necessary, in such experiments, to ascertain the pressure 
of steam through the jets. 

Mr Dunn. — We had no opportunity of doing that. The experiments 
were made with a working engine, and, therefore, the pressure upon 
the jets would be varying continually during the day. 

The President. — The probability is, the whole pressure of the steam 
would exist at the jets, because, the jets being incapable of passing all the 
steam, there would be no necessity to throttle the steam between the jets 
and the boilers. 

Mr Lonqridge. — I asked the question whether the whole of the steam 
generated by the boilers went through the jet». I understand a portion 



of it went to the engines. When you take 60 horse-power from the 
boiler to the engines, the rest of it passing through the jets would not, 
in my opinion, issue from the jets at anything like 35 lbs pressure. 

The President. — Was the engine working during the time you were, 
making the experiments ? 

Mr Dunn. — Yes; occasionally. 

Mr LoNOBiDGE. — ^And all the exhausted steam was passing to the upcast 
also? 

Mr Dunn. — Yes ; of course. 

Mr LoNQRiDGB. — And the heat of it would add to the effect of the 
shaft? 

Mr Dunn. — I was prepared to state what I consider a very important 
point with regard to the upcast pit, and which I almost determined to put 
upon paper ajs a resolution. The area of the pit is 50 feet The quantity 
of air absorbed by the boilers I consider equal to one-fourth, or 12 feet area 
of the shaft. Mr Forster s calculations and my own make it about one- 
quarter of the total; therefore, say 12 feet. The increased temperature 
was very little short of 1 00 degrees ; and, consequently, if the steam and 
boiler increased the bulk in the admitted proportion, it would occupy other 
10 feet ; that would be 22 feet taken from the pit of 50 feet area. It 
would only leare a clear passage from the mine of 28 feet, which would, 
of course, vary with the state of the boiler fires. One important question 
to determine is, how far an increase in the number of boilers affects the 
volume of air passing through the mine. It would appear that the multi- 
plication of boilers did not increase the volume of air in the colliery; 
because, when Mr Forster gave his evidence before the Parliamentary 
Committee, there were only two boilers in use at Seaton Delaval ; and, if 
four boilers were now employed, most practical men would say there ought 
to be a corresponding increase of air, making allowance for the extension 
of the air courses, which was not found to be the case. I would, therefore, 
suggest how desirable it would be if, either at the instance of this Institute 
or any other way, a new, independent, select committee of practical men 
were appointed ; so many nominated by Mr Forster, and an equal number 
by Mr Wood, to re-investigate the figures and results, seeing that such 
great discrepancies exist between them ; such committee to go into all the 
minutisB alluded to by Mr Longridge. I merely throw the suggestion out, 
so that the meeting can act upon it if it thinks proper. 

Mr Hall. — I believe Mr Forster differs from Mr Dunn and his col- 
leagues with respect to the quantity of air goiog through the mine. 



Mr Dunn. — That strengthens mj suggestion. If lir ForsterisaensibW 
that he is right, and we are sensible that we are right, it onlj shows how 
desirable it is that the matter should be re-inyestigated bj an independent 
committee, made up eonjointlj bj the two parties. 

The President. — I suggested that it would be better that the whole of 
the papers which have been prepared upon the subject should be read, and 
laid before the Institute before going into a formal discussion. Thej haye 
now been printed, so that gentlemen may read and consider them ; and it 
is quite competent for Mr Forster, and the other adyocates of the Steam 
Jet, to make further experiments, either to corroborate or contradict those 
which haye already been made. I think it would be better, also, to take 
this month to look oyer those experiments. They are yeiy yoluminous, 
and yery important ; and then we shall come prepared to discuss them at 
the next meeting. It is probable by that time we shall hear something 
on the subject from Mr Forst^, Mr Gumey, or Mr Darlington. With 
reference to Mr Dunn's obseryations about the size of the shaft, and the 
obstruction therein of the air, you will find that the largest quantity of air 
that passed out at Seaton Delaval was 50,660 cubic feet per minute; 
passing through the upcast at a temperature of 130°, measured 30 yards 
from the top. The medium temperature would be more : that was through 
50 feet area. Supposing the temperature was increased to 150° ; in that 
case the expansion would be little more than one-fifUi, which would make 
it about 60,000 cubic feet. Now, that is only about 1,200 feet per minute 
for each foot area of shaft, which is no great yelocity to obtion in an upcast 
shaft. At Tyne Main, the shaft is exactly the same area, and there we 
had a working quantity of nearly 100,000 cubic feet per minute, which is 
upwards of 1,800 feet per minute for each foot area of shaft: therefore, 
there appears to be nothing in the size of the shaft that would affect the 
experiments. I think the experiments would be affected by the degree of 
pi^ssure at which the steam issued from the jets; but with four boilers at 
work, the probability is that the pressure would be the same, or nearly so, 
as in the boilers. 

Mr Dunn. — By the bye, when we made the experiments, the whole of 
the steam was used. 

Mr Taylor. — ^That question was asked. 

The President. — You do not state that in your paper ? 

Mr Dunn. — But that is the fact. 

Mr LoNGRiDGE. — The temperature is taken in the upcast shaft ? 

Mr Dunn. — Yes. 



Mr LoNGRiDGE. — Then I would observe that there should be an aDow^ 
ance made for the great quantity of aqueous vapour held in suspense in the 
shaft, making at least two-thirds more than the quantity of air. 

Mr Dunn. — ^The quantity of air passing would be diminished still more 
in that view. 

Mr LoNORiDOE. — Yes ; the quantity of air would be diminished con- 
siderably. I have made some calculations upon it. I find the quantity 
of aqueous vapour contained in a cubic foot of air, of 152^ in temperature, 
to be 0*013 lbs. in weight, and its volume 1*666 cubic feet. If that amount 
of aqueous vapour be combined with every cubic foot of air, the actual bulk 
will be 2*666 cubic feet, causing an increased resistance to be overcome in 
the shaft. 

Mr Gbeexwell. — Would not the same circumstances exist without the 
jets? 

Mr LoNGRiDGE. — No ; in that case it is a saturation, but without in- 
creasing the bulk. 

Mr Greenwell (to Mr Dunn). — Did you measure the air in the mine 
immediately after you measured the air in the upcast shaft ? 

Mr Dunn. — Yes ; there is no great discrepancy on those points. We 
measured the air by means of powder smoke and found 26,800 cubic feet of 
air going into the north workings, which was close upon that reported by 
Mr Taylor in 1849 ; this was from the boilers, and was considered a good 
proportionate ventilation for the mine. We obtained 26,800 cubic feet ; 
"Mr Taylor s result was 26,473 feet. With the Steam Jets in operation, 
the amount of air going in was increased to 38,000, as it stands in the 
colliery books. 

Mr LoNGRiDGE. — Did the colliery people assist you in the measurements ? 

Mr Dunn. — Yes; the air was measured by means of powder smoke, 
and also with the anemometer in that case. We had anemometers in other 
experiments. 

The PRESiDENT.-^Out of 50 feet area of the shaft, you calculate that 12 
feet is occupied by smoke and steam which does not go through the mine 
at all. You then put down other 10 feet for increased bulk, caused by 
expansion ; making 22 feet taken from the 50 feet shaft, leaving only 28 
feet for the ventilation of so large a mine. 

Mr LoNGRiDGE. — You must apply exactly the same reasoning to the 
furnace, for you may just as well say a certain portion of the shaft must be 
taken up by the supply of air to the furnace. 

Mr Dunn. — No, it is quite different ; if you bring the return air to the 
fires, the more intense the fire the greater the air. 
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Mr LoNORiBOE. — ^But that element must enter into any calcolation of 
comparatiye merit as between the fomace and the Steam Jet. For, sup- 
posing sucli difference to exist, by bringing the return air over the furnace 
there would be no such reduction from it ; it is the air of the mine. 

Mr Dunn. — But there is a necessity for taking the boiler split from the 
fresh air to the boilers. 

Mr LoNGRiDOE. — Yes ; because they cannot work them otherwise. 

The President. — The question is, whether or not the shaft is too small 
for the air to pass up it. The area of the shaft is 50 feet. The quantity 
of air we have in the workings is 46,466 feet; and suppose there be an in- 
crease by the jet of one-sixth, that would be 54,000 feet in a 50 feet shaft. 
Now that is about 1,100 cubic feet per minute for every foot of the shaft. 
You will find that to be a very low average in the trade. You will find 
2,000 feet to be more common than 1 ,000 feet. If you look at the diagram 
of the Tyne Main ventilation, you will find the resistance in the shaft at 
1,000 feet per minute is very small; but when the velocity amounts 
to 3,000 feet per minute for each foot of area of the shaft, then you find 
the resistance to be very great. 

Mr Dunn. — But how does it happen that with four boilers at work there 
is only this quantity of air ? I do not think, in speaking about a fifty feet 
area of shaft, you are making due allowance for the space occupied by the 
smoke. Is there not something material in there being a large quantity of 
smoke not completely consumed ? 

Mr LoNORiDOE. — No doubt every portion of black smoke is so mnch 
carbon to be carried out, and, therefore, mechanical power must be used to 
carry it out. 

Mr Dunn. — ^Then it would have to be driven away by the fiimace ? 

Mr LoNGRiDOE. — Not if we consumed it, as is done by the furnace. H 
you can consume it by the furnace, you may consume it witn the boiler. It 
is the great secret of consuming smoke to give plenty of air. With the 
furnace the carbon, instead of being carried out, falls back upon the fiie 93A 
is burnt. 

The President. — There is no doubt the coals used in an engme fii® 
produce more dense smoke than is produced by the furnace. 

The President then proceeded to read a letter received from the Mar- 
quis of Londonderry, enclosing a communication received by his Lordship 
from Mr Eikes, who proposed to introduce a plan of exploding the carbn^' 
retted hydrogen in coal mines, by means of electricity daily, so as to pi*" 
Vent its accumulation to such an extent as to be dangerous. The President 
stated that the communication had been laid before the Conneil, who h*d 



directed him to ask some questions of Mr Eikes relating to the practical 
difficulties attending the ventilation of mines, and the manner in which he 
proposed to overcome them. He had done so, and that gentleman had 
replied. The whole of the correspondence having been read, a short dis- 
cussion followed, in the course of which Mr Read, of Pelton, said he 
should be very glad to afford Mr Eikes an opportunity of trying his experi- 
ments in a colliery under his care ; and the President was authorized to 
infonn Mr Eikes thereof, intimating that every necessary apparatus would 
be provided on the colliery. 

The desirability of increasing the funds and extending the benefits of 
the Institute having been brought under the consideration of the meeting 
by the President, it was, after some discussion, resolved that the various 
coal-owners and others interested in the trade should be applied to for con- 
tributions, offering to subscribers the privilege of sending a certain number 
of persons, such as overmen, underviewers, and intelligent workmen to the 
meetings of the Institute, so as to enable them to avail themselves of the 
information conveyed by the papers that were read, and the discussions that 
arose from time to time. 

The President then said he believed there was but one other subject to 
come before the meeting that day; which was a new mode of changing the 
clacks in a pumping engine. It was a very ingenious plan. Mr Thomas 
John Taylor would explain it. 

Mr Taylor exhibited a neat working model, to illustrate the invention ; 
^nd read the following written description sent by the inventor, who lives 
near Kelso: — 

Old Drybum Lime Works, 11th December, 1852. 

Sir, — The object of the model pump which I sent you, is that either 

of the clacks may be changed, without any interruption in pumping, by 

shifting the two sliding valves from the one pump to the other : or it 

is done by two screws — one at the top and the other at the bottom of the 

clack door. The other four smaller flat-headed screws are for keeping on 

the doors. The joint in the middle of the pump does not screw fully up ; 

but it goes as far as making it air tight. 

Thomas Webster. 

Addressed to 
Bichard Douglass, Esq., Bunker Coldstream. 

The meeting then adjourned. 
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The minutes of the Council having been read, 

Mr. Robert Stephenson, M.P., livas elected a member ^ the Institate. 

The President stated that ^bis meeting was specially set apart for 
the discussion of the Steam Jet, in the hopes that Mr. Gumey or some 
^( the promoters of that system of Ventilation would be present. Pre- 
Tiously, however, to entering upon the discussion, he had a subject of 
great importance to this district, and to the mining and manufacturing 
interests especially, to bring before them. 

lliey were quite aware that the sulgect of the establishment of a School 
or Collesge of Mines and Science had for some time engaged the attention 
of the mining, and manufacturing interests of this district. An obstacle 
to the establishment of this institution had hitherto presented itself in 
the existence of two medical schools in this town ; or rather a medical 
school in connection with the University of Durham, and a school or 
college of science and medicine. As there could be only one attached to 
an institution of this kind, the existence of two, each having probably equal 
claims upon the Government for consideration, presented an obstacle in 
the outset. He was, however, happy to say that there now existed great 
hopes that a reconciliation would take place between them, and that they 
would present themselves as a united body in the promotion of so de» 
sirable an object. 

The members of the Institute would recollect that a committee had 
been appointed in furtherance of this object, lUid £ir the promotioii of 

B 



the establishment of the institution to which he had alluded ; and he 
had the pleasing duty to report to them, that considerable progress had 
been made m discussing the plans^ and in arranging the general outline 
of the scheme. 

As President of the institution^ he had put himself in communi- 
cation with Dr. Lyon Playfair, and the Warden of the University of 
Durham^ and a Committee had been formed of gentlemen representing 
the Corporation of Newcastle, the Coal Trade Interests, the Mining In- 
stitute, the Lead Mining Interests, and the Manufacturing Interests of 
the district; — ^for the purpose of ascertaining and considering the system 
of scholastic or collegiate industrial education best suited to the wants of 
the district, and for that purpose to confer with the Groiremment Insti- 
tution, and with the IJniTersity of Durham, and to report their labours 
to a meeting hereafter to be called. 

Having given the subject great consideration, and having gone fully 
into the matter with Dr. Playfair, and the Warden of the Universitj, 
and with other gentlemen conversant with such subjects ; the President 
said, he trusted he might give them an outline of what appeared the re- 
quisites of this district, so that they might consider the same, and at a 
future meeting be prepared to discuss the subject, and to come to some 
determination thereon. 

It was thought that the system of collegiate instruction, which was of 
course intended to be of a purely practical or industrial character, might 
be complete for First Class Stvdents by a course of three years' study, 
viz. : — 

1st Year — Geology, Chemistry, Arithmetic, Algebra, Geometry, 

and Geometrical Drawing. 
2nd Year — Practical Chemistry, Physics, Mechanical Science, 

Higher Mathematics, and Drawing. 
8rd Year — Mining, Machine Drawing, Principles of Machinery, 
Analytical Chemistry, Geological Surveying, and General Sur- 
veying. 
And that this would requii-e an establishment of four Professors or 
Teachers, viz. : — 
Professor or Teacher of Arithmetic, Algebra, and Geometry. 

Geology, Geological Surveying and Mining. 

^ ■ ' Chemistry and Physics. 

Principles of Machinery, and Machine Plan 

» and Drawing. 

It was, however, suggested, in addition to these, that a system of in- 



struction or a special class might be adopted ; by which, for instance, 
pupils intended for under yiewers or manufacturing superintendents might 
be instructed in twelve months. Three years would probably be too long a 
period for them to attend, and besides, such persons would scarcely 
require all the instruction that would be given to a pupil of three years. 
It had been therefore thought that a class might be formed in which 
instruction should be given to this class of persons, sufficient for their 
purpose, in twelve months, and at a cheaper rate; and that the course of 
instruction of this class might consist of instruction in General Chemistry, 
Physics, Geology, and Mining, and in Plan Drawing. 

Besides these classes, ic had been suggested that an evening class for 
artisans, and others whose daily occupation preclude them from attend- 
ance during the day, might be extremely useful^ by which they might 
obtain useful instruction on moderate terms. 

There was, however, one important subject connected with such an 
institution, viz. : — ^that of the preparatory education of pupils intended 
for such a course of instruction ; as unless the whole course of study 
harmonised, it would not be completo or successful. 

It would appear that boys coming from the ordinary schools would 
not be quite fitted to enter into the College, or would enter disadvanta- 
geously — and it had been thought that either within the College, (as in 
King's College) a school should be established; or, that connected with 
the College, but with the course of education adapted to the College tuition, 
district schools might be established to prepare pupils for the Institution 
by giving them a course of education more particularly adapted to in- 
dustrial science and art. This might be accomplished by arrangements 
with existing schools. 

The manner in which the details should be carried out would depend 
upon the patronage which such an Institution met with, and the amount o£ 
funds subscribed at the outset, by the manufacturing, commercial, and 
mining interests of the district. 

Government, it was understood, was disposed to aid in supporting such. 
Institutions, or, at any rate, in supporting them to such an extent as that 
they may be properly established ; and it was also hoped that they would 
give assistance to the district schools, as naturally promoting the welfare^ 
of the College. With respect to the College itself, the Government would, 
it was understood, guarantee the possessors a certain amount of salary for> 
say five years, (considering five years a sufficient time to test the practi- 
cability of establishing such an institution, for unlesss the Institution 
supported itself in five years, the presumption was, that there was no ne- 



itj tor ity and that the district was not capable of siippoit&ig*siieIi an 
Institution^ in whkix case, the sooner it was ahandcmed the better. In sadik 
goarantee of the salaries of the professors for five years, the GoTemment 
would of coarse have the fees, whateirer they amounted to. If the fees 
amounted to more than the guarantee, the €h)yemment would, o! course, 
pay nothing, but if they did not, they would pay the difference, It was 
intended thattiiis Institution should be in connection with theGoTermn^'t 
College of Science and Art in London, and that meritorious pupils should 
be taken into that institution on the most fairourable terms> probably to 
the extent of proTiding for the maintenance and education of a certam 
number, (in proportion to iiie number of pupils in the local College) ; and 
of the education of others at a very moderate cost, such pupils having un- 
dei^ne certain esaminations in the local College, previous *to martricu- 
lating in the Central College in London. Rewards, exhibitions, or 
certificates of merit, to pu{Mls of superior attainments or industry, 
would also be given as a stimilus to exertion. The GoYemment 
Institution would also give models and (kawings of machinery ap- 
paratus, &c., at very moderate rates, and these, it will be observed, 
would be a great advantage to the local instituticms^ and to the 
mining interest generally of this district; inasmuch as the Central 
Institution being connected with similar institutions on the Gon^ 
tinent and elsewhere, they would receive models and drawings from 
thence, which would be transmitted to the district Institutions throughout 
the country. This was a sort of outline ofwhat they would have to ccmsider 
with regard to the establishment of this College. Tbere was anoth^ 
consideration which had been discussed amongst the parties who are 
promoting this scheme ; which is, the propriety of a connexion with the 
University of Durham. It had been considered by parties with whom 
he had communicated, that a connection with the University of Durham 
would be a very great advantage and assistance to this Institution. They 
would observe from what was stated that the course of scientific edncatioB 
would be complete as between the establishment here, and the central 
Institution in Lond(Hi, without any connection with the Univerrity of 
Durham ; but he thought, and many other gentlemen thought with him, 
that a moral and religious character would be given to it, a security for the 
morals of the pupils, if it were in connection with the University, and that 
such connection would be highly advantageous likewise in & scientific 
point of view (heaVf hear). He had been in commimication with the 
Warden of the University of Durham, upon the subject, and he was happy 
to infcNrm them that, in his opinion, it wa^ perfectly possible that a ooosisc* 



tionnightbe eaMHakod with that UniversitjF^ bgr wYdok ihej riwuld 
obtaiD all the adirantages that would result from it^ both in a moral! and 
soi^iitific point of idew,, and that this might be done without int^emies! 
with the religiona feelings of any sect^ on the part of the Unii^eTsify; 
He thought the inanoer in which the Warden had met this salgect did 
infibute credit t& him (hear, hear)* He sajs^ ^ We have no feeling iritik 
respect to such an Institution, except that of strengthening it, and doing 
it good ; we do not wish to exercise controul over the local management! 
we do not wish ta assume the responsibility of management,^ or interfere 
in any way with the direction of its affidrs; but If we can be of we to 
you, we shall be very haj^y " (applause.) He mightstato that the Ibistitu- 
tioa would probably be managed by a general council representing the dif- 
ferent interests of the^district; mining, manufacturing) and c(»nmercial, and 
they would determine the course of science and learning that would be 
taught in the College. All respcmsibility of management would, of course, 
rest with the council, and the Warden of the University did not wish, in any 
way, to interfere with such management. He believed by means of a 
connection with the University, they should obtain very great advantages, 
md also probably some pecuniary benefit. He believed the pupils of tins 
Ibstitution nught be admitted to honors in the University of Durham up 
to a certain extent, without reference to their religious principles (ap» 
pkmee). He believed it was quite competent for them to be admitted up to 
the degree of Bachelor of Arts,, without being questioned upon their 
rdigious principles (hearj hear). His own fselings, therefore was, that it 
would be highly advantageous to be in connection wifah« the Univer^ty of 
Buriiam. There was another pcant which has also been thought deserving 
of great attention, and that was, whether some arrangement mi^t not be* 
made with the Literary and Philosophical Society of this town, as well 
aswith the Natural History Society. The Literary Society possessed a very 
extensive and valuable library, which would be very useful to the pupils } 
and, as tiiat Society had been established for the promotion of learning, it 
would, no doubt, be glad to render assistance for the promotion of such an 
object as this. Such a connection would also be of advantage to the Society^ 
because the books obtained by the College might go into the library of the 
Society^ and some general arrangements might be made for the use of them. 
The probability was, too, that the rooms of each Institution, might be made 
useful to both concerns. Such an arrangement had been suggested by 
parties of considerable influence in the Literary and Philosophical 
Society, and he thought it might be conducive of great good Then with 
respect to the Natural History Society, that Institution had a very good 
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mnaeiUD, bat, like all museiiiiiSy its uiSitj was rerj nmch diminished bj 
not being brought into practical use (hear^ hear). Such spedmens 
might be extremely useful in the education of the pupils, and could be so 
made use of in this CoU^pe ; and in the same manner as he had referred 
to, in respect of the Literary and Philosophical Sodefy, the models of 
machinery, specimens of manu&cture, and other objects of that description, 
collected by the CoU^e, would be deposited in the museum of the 
Natural History Society, and both parties would gain much by sadi an 
arrangement. In conclusion, he was yery sanguine in his hopes, that if 
this Institution could be established, it would be productive of immense 
advantages to the district; and he might take the liberty of saying that 
there was not probably any district in the country, where such an Institu- 
tion was so much required, or where the chances of success was so great; 
and allow him to add, where the patronage of Grovemment would be more 
usefully bestowed. He would theref(N*e ask them to consider the matter 
over, and as it had been deemed advisable that a memorial should be got 
up by this Institute, pointing out the necessity for such an Institution, 
and praying for all the assistance that the Gk>vemment can give it; if 
they thought proper to appoint a conmiittee to draw out such a me- 
morial, he should be very happy to render it all the assistance in his 
power {applause^ 

RoBT. Stephenson, Esq., M.P., said — ^Although a young member 
of this Institution I am tempted on the present occasion to make one or 
two remarks, in the first place confirming the view of the President with 
respect to the intentions of the Soyal Commissioners, one of whom I 
have the honour to be ; but, as some misunderstanding has gone abroad 
with respect to the tone of the report issued by them on the subject of 
making the surplus fund available for education, I am anxious to remove 
from the mind of any one here that misunderstanding. The tone of the 
report perhaps has rather led to the view of Grovemment centralization in 
London — ^that the Institution in London should have more influence than 
was really intended over the branches or colleges that may be hereafter 
scattered through the country. The conclusion might be justifiable, but 
it is not the intention of the Commissioners to exercise any controul over 
the local management of such institutions. Though not openly advoca- 
ted, such interference, it is alleged, might still exist to a certain degree, 
and wherever Government aid is called in it ought to be received with 
the greatest caution. If that aid be important and extensive in a mo- 
netary point of view it is sure to become in the end an incubus on the 
local College ; therefore, I advise you, by all means, in considering this 
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questdon over^ to throw over-board entirely any consideration of Qovem- 
ment aid. Accept that aid which they can give you — I believe it will 
be most liberal — ^but do not let that aid, whether great or small; interfere 
with; or enter into^ any calculation of the basis of such an Institution. 
Let the Institution be an institution founded upon and adapted to the 
wants of the neighbourhood, like the University of Durham — ^let it be an 
Institution connected with the Coal Trade, and call upon the members of 
the Goal Trade for support, and only take the Government aid to secure 
additional advantages, for unless such institutions support themselves, I 
am sure no Government aid will ever maintain them (applavse). I will 
also direct your attention to the example of the Cornish Mining School^ 
which has been successfully established in Cornwall for a great number 
of years. Its rules and regulations have for the most sprung out of ex- 
perience, or have been suggested by the necessities of the case. I would 
advise this Institution, before forming itself into a compact body, to con- 
sult the authorities connected with the Cornish Institution, who are men 
of high scientific attainments, and have been eminently successful in 
bringing the principles of science to bear upon the practical working of 
the mine. The object of all such institutions should be to make prac- 
tical men scientific to a certain extent. I do not mean that overmen and 
underviewers should be exclusively scientific men, but they should be 
made conversant with the abstract principles of science, which they can 
with practical knowledge bring to bear, and they cannot be brought to 
bear without saving many human lives in a country like this. I think it 
the right end to begin at — ^to attempt to make practical men scientific 
rather than as Government sometimes attempts to make scientific men 
practical (applause). To make an abstract scientific man practical, you 
will say, perhaps, is easy enough. No such thing. The principles of 
science are simple, but the art of practice is exceedingly difficultr— you 
must labour to attain it ] for it is only by actual abour that even the 
highest scientific attainments can be brought to bear successfully in prac- 
tice. In corroboration of this statement, I may refer to a report which 
was made to Government some years ago, by the Inspectors appointed 
to examine into the working of Mines. That report was drawn up by 
perhaps one of the greatest genius of which this country or even conti- 
nental nations can boast, and in that report upon Accidents in Coal Mines 
he made some suggestions for the adoption of remedial measures. Now, 
no practical man in this district can have read that report without feeling 
that, with the highest scientific attainments as displayed in the course of 
that investigation, there was absolute ignorance with respect to the ma- 
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nagement of a pit and the practice of working the mine (hear, hear). 
When I mention the name of Faraday^ it will at once proire what I 
aaeert— 'for it is a name which has raised this conntry to a level with any 
other in Europe, and is associated with a reputation that will render that 
name immortal (applause). But this is a case illustratite of the point to 
which I wish particularly to direct your attention — that report is ded* 
8ive-*-and I would earnestly recommend that it should be read over by 
every member of this Institute; and; if he is a practical man^ howevef 
high his respect may be for Mr. Faraday and his coadjutors in this ease> 
he will be convinced that his suggestions have no real existence (hear, 
hear) — ^that they were purely theoretic. Now^ that is what I mean by 
saying that it is more difficult to make a scientific man^ however high his 
attainments^ practical^ than to make a practical man scientific, so as he 
may bring the principles of science to bear upon the Ventilation of Goal 
Mines. I have introduced these observations with a view to urge yoa 
not to depend too much upon the Government, but to depend upon you^ 
own resources. In the commencement you may meet with difficulties^ 
but with perseverance you will overcome them, and may, no doubt, rank 
upon the same level with the Mining Society in Cornwall, which had 
done a great deal to awaken an interest in and promote the success of 
mining in that district. In the county of Durham, and the adjoining 
county of Northumberland, such an establishment is even more required 
than in Cornwall, which is more interesting, perhaps, in a geological 
point of view; and where the miners have not to contend with those 
difficulties connectedrwith Ventilation which are met with here, and in 
(Micountering which you have to depend upon scientific principles to so 
great an extent. There is also the great question of humanity involved 
which you must not forget. In many cases accidents and loss of life 
occur entirely through the ignorance of the practical miner. This was 
remarkably illustrated in the calamitous accident that occurred at Wig- 
an the other day, where, as we read in the evidence at the inquest, 
one of the sliding frames in the upcast pit got deranged, and a tub stuck 
&st, so that they could not send the carpenters down to repair it on ac« 
count of the high temperature. The under viewer caused the fiimace to 
be damped. If he had had the least notion of the effect of damping the 
furnace he would have seen that by doing so he jeapordized the lives of 
all the workmen in the mine. The temperature was reduced, the air in 
the pit became stagnant, and an explosion was the result. The accident 
has been ascribed to a trap-door. The pit had been visited by two In-* 
speetors, the Ventilation was generally good, and the mcde of working 
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the mine judidous ; but in this instance the under viewer was ignorant of 
the effect of damping the furnace^ or had overlooked it. If it had been 
impressed upon his mind as a scientific fact he could not have forgotten 
it Cheavy hea/r). It is the object of this School to raise up young men 
with suffici^t science^ and to impart to practical men sufficient science, 
to meet a case of this kind (applause). If this overman at Wigan 
had been acquainted with the principles of Ventilation, as he ought to 
have been, and as I hope all charged with the management of mines will 
be in this neighbourhood imder the operation of the proposed schools, 
the lives of fifty human beings would have been saved. It is the great 
cause of humanity in ydiich you are engaged, and if prosecuted with 
vigour and energy, I am sm*e your exertions will be crowned with suc- 
cess (applause). 

The Presibent recommended a perusal of the second report of the 
Commissioners on the Exhibition of 1851, wliich contained a great deal 
of matter relative to the establishment of such institutions as the one 
now proposed ; and also of a lecture by Dn Playfair, in which he gives 
a full account of the Industrial Institutions of the Continent. He 
expressed his entire concurrence in the observations of Mr. Stephenson. 

Mr. Stephenson moved that the Vice Presidents, together with the 
President, form a Committee for the purpose of drawing up a memorial 
to the Board of Trade on the subject of the proposed schools. 

Mr. Reid seconded the motion, which was put and carried imani- 
mously. 

The President, said — ^They would now proceed with what had been 
the intention of this meeting, namely the discussion relative to the respec- 
tive merits of the Furnace and the Steam Jet, in the ventilation of coal 
mines. He should be happy to hear the opinioiHS of any gentleman up- 
on the subject. 

Mr. Matthias Dunn, said — He believed all the members present 
were so far agreed upon the point that there was really no element of 
discussion between them. The experiments of the President and other 
gentlemen had been so conclusive as to the superiority of the Furnace 
over the Steam Jet, that he believed no gentleman would be found to 
come forward in defence of the latter. It was decidedly his own opinion 
that the Furnace was superior to the Jet both in point of effect and 
economy. 

Mr. Stephenson, said — Sir, I have had great pleasure in reading, in 
a very general way, the valuable report of experiments made by yourself, 
on this interesting subject — ^interesting because I think a doubt has hung 
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over men's minds respecting the relative eflioiency of the Steam-blast and 
the Furnace^ which has led to the adoption of the former in cases where 
there might have been^ and which I belieTe do involve, real danger ; and, 
therefore, the whole mining world, especially the coal mining districts are 
deeply indebted to you £or your valuable and faithful experiments, 
which you have placed on record, and which leaves now, in minds who 
dispassionately consider those experiments, no doubt whatever (€ipplaiue)* 
I remember that previous to your making those experiments I had the 
pleasure of discussing the form of some of them with you, and you then 
expressed, as both of us expressed, our apprehension, that the Steam Jet^ 
on principle, could not by any possibility succeed, for you thought it was 
a misapplication of force to attempt by a Steam Jet to raise a column of 
air by its mechanical impidse ; and you thought the error had arisen fiom 
a mistaken view of the cause of the efficiency of the Steam Blast in loco- 
motive engines, which has created, there can be no doubt, an absolute 
revolution in society (applause). It has enabled the locomotive engine 
to assume a character, a new position, which it never could have done 
without it; but to apply that same force to entirely different orroumstan- 
ces, is an abuse of principle, and it deserves to be characterized by no 
other name (applause). Besides the efficiency of the locomotive ei^fine 
blasts forcible and violent as it is, is by no means very great as to the 
quantity of air it moves. It draws a very small quantity of air through 
the fire, as compared with the quantity of air which we want to have 
drawn through a mine. And it also involves this principle, that loco- 
motive engine builders have found, that if you apply the Steam Jet in a 
large chimney it is of no use whatever; it requires that the chimnies 
should be so constructed that the Steam Jet absohtely fills it in a very 
energetic state. If you widen the chimney and raise it one himdred feet 
high, the whole mechanical force of the Jet will be expended on the 
elasticity of the air in a very few feet; and whether you apply it at the 
top or the bottom the result is the same, for you apply it to an elastic 
spring. If you take the Steam Jet to the bottom of a pit shaft what do 
you do ? you press an elastic spring, and the spring absorbs all the powef 
of the Jet; so that its effect is entirely arrested. The further you have 
goue in your experiments with the Jet and the Furnace the more decisive 
has been the result. The disparity between them is so immense, that I 
trust I shall never more hear of the Steam Blast being used as the means 
of ventilating an extensive colliery (applause). I am quite sure if that 
system be persevered in, it must lead to very lamentable oonsequences 
(AMT^JWar). In some mines even with the Furnace the air becomes move 
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ihle than in others^ but there are expedients within the collier's 
reach bj which danger may be arerted; and even when the Fnmaces 
become dangerons, with those expedients at hand, they are infinitely more 
valuable than the Steam Jet. Indeed the mechanical force of the Steam 
Jet whenever it is applied, is confined to a very narrow power. I have 
seen the system generally applied at the Polytechnic Institution in 
London, where it makes a great noise, and draws in a large quantity of 
air in a Lecture Room, but the force required to do that bears no com. 
parison to the enormous amount of force required to draw the air through 
the workings of a mine. I quite agree with Mr. Dunn that there is very 
little left for any of us to say. You have completely exhausted the 
subject, and to my mind in a most satis&ctory manner. 

Mr* BoTih- 'The experiments which have been instituted prove that 
the Steam Jet, even as an assistant power, is very little effective, and after 
the first few moments of its being in action, after a column of air has 
been put in motion by the use of the Furnace, its influence is positively 
unappreciable. Yon only receive a certain small increase of ventilating 
power by the Steam Jet, and that power seems stationary at that pointy 
and has no more power over the column of air* A substitute for the 
Furnace has as yet to be discovered. 

Mr. Stephenson — ^We may have to seek hereafter for some substitute 
for the Furnace under particular circumstances, but the Steam Jet does 
not promise much in that direction. If we are to have the application of 
steam, I am prepared to prove that its application to pump air would be 
much more effective in Ventilation than the Jet I contend that the 
Steam Blast is one of the worst modes of applying the mechanical power 
of steam to the ventilating of coal mines. 

The Pbssident — One object I had in view in the experiments I made 
was, to ascertain whether the Steam Jet was useful as an auxiliary or not, 
because up to the point at which the Furnace and the Steam Jet act to- 
gether, or are of equal power, the Furnace is unquestionably the most 
eflfective and economical of the two. The question is, whelJier after that 
the Jet is an auxiliary to the Furnace or not, and if so, to what extent it 
is useful or beneficial. I made all the experiments I thought likely to 
bring that result out. I ascertained, as might have been expected, that 
when the Jet was applied to a current of air moving at a very great ve- 
locity, its application as a mechanical power becomes proportionatdy less, 
and when the velocity gets up to the extreme limit of the Furnace, the 
Steam Jet is scarcely able to follow the air. I found it rather opposed it 
on the whole, and that the air had to drag the steam after it> and con- 
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seqaently I found a deficiency of effect. If yon read the experiments at 
Killingworth; and the tables of rare&ction; at different temperatures and 
velocities; you will see this effect illustrated. There can be no doubt that 
an efficient auxiliary to the Furnace is exceedingly desirable in a mining 
point of view in certain cases. With reference to that point there is now 
erecting in South Wales^ by Mr. Struve, a very powerful machine, which 
I had an opportunity of making some inquiry about when in that neigh- 
bourhood the other day. The piston is about 20 feet in diameter, and it is 
calculated to pump out about 10,000 cubic feet of air in each stroke. I 
quite agree with Mr. Stephenson that steam employed in working such a 
machine is likely to be much more effective than when blown out of a 
Steam Jet. I am strongly of opinion that this machine will be extremely 
useful, although the Conmiittee of last Session came to the conclusion, 
that no mechanical power could be practically useful in ventilating mines. 
With reference to the risk of passing air through the Furnace in an in- 
flammable state, I need not mention that it is not necessary that the 
whole current of air should go over the Furnace. The ventilating power 
of the Furnace is not necessarily connected with the air passing over it, 
but on the quantity of heat in the shaft. In the experiments at Hetton 
there was a portion of air that did not go over the Furnaces. There 
were two seams ventilated by about 60,000 cubic feet of air per minute 
which did not pass over the Furnaces. The Furnace may be used in the 
same way as the boilers of the Steam Jet is now used, with a current of 
air going direct from the down-cast to feed them. If you can bum 
sufficient coal, so as to produce the requisite heat in the shaft, you obtain 
the same result whether the air pass over the Furnace or not. That is 
well known to every gentleman in the profession. We find, however, 
there is a great deal yet to be done with regard to Furnace Ventilation. 
I think the subject by no means exhausted. A great many matters 
suggested themselves in the course of these experiments of which we were 
only partially acquainted at the time, and I intend at some Aiture period 
to prosecute the inquiry further. The subject, as I said, is by no means 
i3xhausted, and I hope the members of this Institute will not come to the 
conclusion that it is so. A great deal yet requires elucidation, and I 
hope in the course of time we shall receive from the various members 
exceedingly valuable papers on the Ventilation of Mines. It is a mo- 
mentous subject; — ^the most lamentable accidents occasionally happen; — 
and it is incumbent on the members of this Institute to do everything in 
their power to avert those dreadful occurrences. 

Mr. REiD-^With respect to the observations of Mr. Stephenson, the 
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qnestion seems to be can^ steam be in any way or mode available for the 
Yentilatioii of Mines. Here is a paper^ read some time ago before the Aca- 
demy of Sciences at Brossells^ by the Chief Engineer of the Belgian 
Government^ developing an application of steam by conveying it doyn 
the shaft. It was published in 1836. 

Mr. Stephenson — ^I saw it very shortly after it was published^ and 
no doubt it is a better application of steam than the Jet. 

Mr. M. Dunn — Since we are honoured by the company of Mr, Ste- 
phenson^ I would take the opportunity of adverting briefly to the cir- 
cumstances of Seaton Delaval Colliery. The Committee of the House 
of Commons were told of the extraordinary effect produced in that col- 
Uery by the use of the Steam Jet^ and I would like to explain to Mr. 
Stephenson the actual circumstances under which that effect was said to 
be obtained. There are six shafts^ each fifty feet m area^ used in work- 
ing the colliery — four being down-casts in area 200 feet— the fifth is an 
up-cast of 60 feet — and the sixth a dormant shaft dcnng nothing at all^ 
and contiguous to the up-cast pit. At the bottom of the up-cast there 
are four underground boilers, and five gas retorts, and according to Mr. 
Forster's statement they consume one-fourth of the whole amount of 
air that passes up that shaft. Now, these boilers and gas retorts are fed 
by fires supplied with air that does not go into the workings at all. It 
is of the want of proper explanation before the Parliamentary Commit- 
tees that I complain, because the gross quantity of air stated at 80,000 
cubic feet per minute is taken as ventilating the workings, whereas it is 
admitted that one-fourth of that quantity does not go into the workings 
at all. I wish to draw your attention to this circumstance, because I 
consider it one of the greatest enormities in Ventilation. The intrusion 
of this 20,000 feet of air I state at one-fourth the area of the shaft or 
12 feet, whilst the temperature of the shaft is raised above the tempera- 
ture of the atmosphere from 90^ to 100^^ which I think you will agree with 
me is equal to other 12 feet of the shaft. There is therefore 24 feet, at least, 
to be deducted from the area of the shaft, which is 50 feet, giving only the 
difference, 26 feet for the actual Ventilation of the Colliery. It was ad- 
mitted by Mr. Forster that, with only two boilers, the current of air was 
as great, or nearly so, as with four boilers and five retorts, so that not- 
withstanding this increase of the boiler fires the return air of the mine 
had not increased in proportion. If more boilers were put down, a pro- 
portionate quantity of firesh air would be required to sustain them, and 
therefore I contend, if there were ten or more boilers put down, there 
would be no air at all passing through the mine (laughter). The uncon- 
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flomed smoke which comes from these boilers is of a very different cha- 
racter from that which comes irom a well-adapted Funiace. There 
being a great disparity between the statement of ns the Inspectors and 
that made by Mr. Forster before the Parliamentary Gomnuttee^ I feel 
that it would be very desirable to have them examined before a new 
Committee, nominated partly by Mr* Forster, and partly by this 
Institute. 

The Presidbnt — ^The subject of Seaton Delaval GoUiery having been 
introduced I think it requisite to say a few words upon it. Mr. Dunn 
says there is an anomaly between the experiments of the Inspectors and 
the statem^ts of Mr. Forster in his evidence before the Parliamentary 
Ck)mmittee in 1840. I have gone very minutely into the experiments 
made by those gentlemen, and have also read over the evidence of Mr* 
Forster very carefully, and I have come to the conclusion that there is no 
anomaly at alL Ithink Mr. Forster was fiilly borne out in the statement 
he made to the Committee when he made that statement. I think besides, 
that the character of that gentlemen is a sufficient guarantee that he 
would state nothing but what he knew to be true. But, in addition, to 
his evidence we have an examination of the Colliery by Mr. Thos. John 
Taylor who I am sure every gentlemen here will give credit for correct- 
ness; and we find that Mr. Taylor's examination fully corroborates the 
statement of Mr. Forster (heary hear). We have also an examination 
of it by Professor Philips, a gentlemen of high scientific attainments, 
and then a Government Conmiissioner, and we find too that his examination 
corroborates the statement of Mr. Forster before the Parliamentary Gomr 
mittee. We have, again, the fact that the experiments made by Mr. 
Dunn and the other Inspectors were made in 1852, but every gentlemen 
will know the difference betweenmaking experiments in 1848 or 1849 and 
making experimentsinthesameCoUiery in 1852. Thedrcumstancesateach 
period may be very different indeed. I could point out a great many in- 
stances of such differences within my own experience, andif Mr. Dunn will 
read the experiments I have made attentively, he will findin the same Colliery 
we have 120,000 and 130,000 cubic feet of air passing under certain cir- 
cumstances; and in the same Colliery, under other circumstances, we 
have 230,000 cubic feet. Therefore, the experiments made at the Col- 
liery in 1849 may have been attended with very different results fiY)m 
those made in 1852 (Jieo/r^ hear). Both experiments may have been, 
and I have no doubt were, correctly made, and there is therefore no want 
of analogy between them. If you take into consideration the effect of 
the resistance of the air in passing through the mine, owing to the in- 
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creased extent of the workings since 1849, the difference is readily 
accounted for. The effect of the number of boilers would be measured 
by the temperature of the shaft. Four boilers would giTe out more 
smoke than two, and there may be other circumstances to account for the 
difference. Mr. Dunn states that he did not find the temperature of 
four boilers more than that with two ; therefore; the fact of there being 
four instead of two boilers would appear to have nothing to do with the 
matter, except as r^arded air required to work them. I am anxkms to 
make these observations because it has gone alnroad that there ia a dif- 
ference in effect between what Mr. Forster stated before the GommitteOjf 
and what has subsequently been found to exist. In my opinion there is 
nothing to derogate from the statement of Mr. F(Nrster in 1849, by the 
experiments which have been made now. 

Mr. DuKK — The statements were made in 1852 as wdl as at the 
former period. 

The PRESiBBirF — But the statement of 1852 was based upon experi- 
ments made in 1849. 

Mr. Dunn — ^No; upon experiments made after that. 

Mr. Stephenson — Certainly not. 

Mr. T- Y. Hall — I believe the manager of the colliery which exploded 
recently at Wigan is an advocate of the Steam Jet, and from what I have 
read of the evidence it appears he resorted to the old mode of using 
water to produce a current of air. Besides, I believe, he has not had 
the Steam Jet applied to the colliery where the workings appears to 
have been greatly extended since he gave his evidence in favour of the | 
Jet before the Parliamentary Committee. 

The President — I believe the Steam Jet is applied at Ince Hall, 
where several experiments have been made by Mr. Dickenson and others. 
Those experiments have, I understand, been made the subject of a report 
to Grovemment and will be printed, but I believe the Steam Jet was not 
applied at the pit where the accident happened. — 

Mr. Stephenson — I referred to the subject of the Steam Jet as one 
that had been exhausted, but I did not apply that observation to the 
ventilation of coal mines, for I am very &r from thinking that has been 
exhausted \ but, so far as the comparison between the merits of the Fur- 
nace and the Steam Jet goes I think it has been exhausted by the very 
able and elaborate experiments that have been made (applatise)* 

The President having observed that there was now nothing further 
before the meeting. 
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Mr. Boyd suggested that a resolution^ recording the decision of the 
meeting on the question which had been submitted to its consideration, 
should be adopted. 

Mr. Stephenson suggested that such a course would lead to the 
committal of the Institute, which it was at all times desiitible should be 
avoided, a plan that was followed in other similar institutions with which 
he was connected. Although individuals came there to express their 
opinions; as they were entitled to dO; and he was glad to hear them ex- 
press those opinions, it was better that the Institute itself should not be 
pledged to any opinion, for it would only lead to caballing which would 
have the effect of destroying it in a very short time. 

The President said — ^the suggestion made by Mr. Stephenson was 
quite in accordance with his own opinion. 

Some conversation then arose on the importance of extending the 
benefits of the Institute to overmen, underviewers, and others interested 
in mining operations. The President explained that the subject had 
already engaged the attention of the Council, and measures were being 
taken for effecting that desirable object. 

The meeting then separated. 
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The minutes of the Coiincil having been read, 

Mr. Thos. E. Harrison, C.E., Mr. Thos. Sopwith, F.R.S., and Mr. 
Telford were elected members of the Institution. 

A paper on the Ventilation of Mines, and of the Gkises in Mines, and 
on working Pillars, was read by Mr. William Barkus, Sen. 

The President then invited an expression of opinion on the subject 
from any of the gentlemen present, observing that the paper was one of 
considerable practical importance and interest, and had been drawn up 
with great care and ability. 

Mr. Thos. John Taylor inquired if Mr. Barkus was aware when the 
practice of splitting the air was first introduced ? 

Mr. Barkus said he thought about 1826, or from that to 1830. 

Mr. Taylor thought the practice might be traced to 1823, but he was 
not aware of its being in existence earlier. 

The President said, with reference to that part of Mr. Barkus's 
paper as to gas being found in less quantities in very deep mines, such as 
Monkwearmouth, than in more shallow mines ; that Monkwearmouth Col- 
liery was near the bottom of the coal basin, and it was remarkable that 
in coal near the bottom of the basin there was less gas than in coal in a 
higher situation, the reason of which appeared to him to be, that the car- 
buretted gas being extremely light would naturally escape into the more 
elevated parts of the mine if allowed to do so, and would be replaced by 



the carbonic or other more heavy gases. At Harton Gollierj; which was^ 
also near the bottom of the basin^ the workings were comparatively frea 
from gas, whereas in Hilda Colliery inmiediately adjoining, but on il 
higher level, there was a much greater discharge of gas than at Harton ^ 
and so at JaiTow Colliery, the more deep parts of that colliery evolved 
considerably less gas than the more elevated parts, the latter discharging^ 
very considerable quantities. The same result seemed to take place at the 
deep colliery of Seaton, which was comparatively free from gas. The 
free passage of the gas from the bottom of the basin or lower parts of i^ 
towards the more elevated, would of course be regulated by the compa- 
rative freedom from interruptions or breaks in the strata from dykes, &c,, 
but the facts were worth the enquiry and investigation of the Institute. 

A lengthened discussion then took place as to the particular mode 
adopted by Mr. Barkus in removing the pillars at the Whitwell Colliery, 
as described in his paper, particularly as to taking a lift or breadth of 
coal headways, or at right angles, to the line of the wall face, instead of 
working by taking a jud along to the wall face ; and more particularly as 
regarded the mode of placing the chocks to protect the workmen, and the 
operation of the superincumbent strata upon them, in which Messrs. Tay- 
lor, Anderson, Hunter, Wales, and others took part. 

In taking away the breadth of coals of 8 or 9 feet in width headways, 
Mr. Barkus explained that it was taken away the entire width of the 
wall face. The tram road was laid down next the coal, and the 
chocks placed between the tram road and the goaf, with props put in be- 
tween the chocks when required. When the working reached the extre- 
mity, the deputies commenced removing the chocks, beginning at the fur- 
thest end, and in doing so, they placed one row of chocks as close to the 
coal as they could all along the face, to prepare for another lift, or breadth 
of coal being taken away. He explained that the roof being extremely 
hard and solid, he had found it very difficult to break the roof by 
the chocks in the usual way, by keeping the two rows of chocks along the 
face as it is the usual manner, the weight of the roof pressing them into 
the thill so firmly before the hard roof is broken, that they were expensive 
to get out 3 whereas, by drawing the chocks out, the hard sandstone roof 
was broken off by the solid coal all along the face as the chocks were 
removed. 

It was observed that the row of chocks which Mr. Barkus placed dose 
against the coal would be interposed between the solid coal and the goaf 
in breaking the strata, and would be then pressed into the thill, or covered 
up with the falling roof; but Mr. Barkus observed that the i*oof being 



extremely harc^ did not break square down aloi^ the hee^ and that this 

row of chocks operated as a protection to the men in working the snceeed- 

ing lift. It was abo objected to this mode, that only a limited number 

of men could be let work the coal at a time, having only the breadth of 

the lift to work instead of the breadth of the whole face ; but Mr. Barkus 

explained that he only adopted this mode of working where such a nimi- 

ber of men were sufficient, and that the system of drawing all the chocks 

along the entire breadth of fsice as each lift was successively taken off, 

and thus causing the solid coal to operate in breaking the roof, especially 

when it was extremely hard and firm, though attended in some respects 

with inconvenience and disadvantage, was well worth the attention of 

"the members of the Institute; and he further stated, that he produced 

a greater proportion of large coals in working it headways than in the 

T)oardways direction ; and likewise that it should be considered, that this 

"was not a pure long wall mode of working, but a mode of working thick 

and large walls on the long wall system with chocks. 

The President stated, that he hoped the example set by Mr. Barkus, 
of laying before the Institute the result of his experience, in however limited 
a sphere, would be followed by other members of the Institute. They were 
essentially a practical body, and what they wanted was practical informa- 
tion on all the different subjects of their profession, and he therefore trusted 
that this was the beginning of a similar class of papers on the subject 
of working coal, and on the ventilation of the mines. 

Mr. LoNGRiDaE then presented . a model of a swing door for the 
tramroad air courses, so constructed as to be self-acting and not requiring 
an attendant. The door opens in the centre, being in fact two doors 
meeting in the centre, and being hung on rising hinges, falls close as soon 
as the trams have passed through. Mr. Longridge stated that he had 
had these doors in use at the Barrington Colliery for more than twelve 
months, and that he found no difficulty in the ponies passing through 
them, that they even trotted through the door without stopping. He ob- 
served that when the ordinary door swung upon one set of hinges, and 
fell against a fixed door post at the other end, the ponies often run against 
the door posts with the harness, and that his door swinging from the 
centre or middle of the tramway, the ponies kept the middle of the road 
and so pushed the door open. 

The President then said he had another subject to bring before the 
meeting of considerable importance to the trade. They were aware that 
in 1852 a Committee of the House of Commons had been appointed to 
enquire into accidents in mines. They would also have observed, that Mr. 



Hutchins had given notice of his intention to move for the appointment 
of a similar committe this session, with a view if possible, to elicit some 
means of preventing such accidents. One of the principal objects of the 
establishment of this Institute was, that of endeavouring to ascertain how 
far such accidents could be prevented ; and therefore, it became a duty 
incumbent upon them to aid all in their power the labours of any com- 
mittee appointed for so benevolent a purpose. 

It is imderstood that the principal heads of enquiry to be made by this 
committee will be as follows : — 



HEADS OF ENQUIRY. 

" The ventilation by Furnace, Steam Jet, or any mode, either in use or 
which may be suggested as an improvement to those now generally 
adopted. 

" The capacity and size of the airways and the best modes of carrying 
the air through the workings to the upcast shaft, so as either entirely to 
clear the goaves of foul air, or to leave as little in them as possible, and 
to prevent what may remain from escaping into the workings so as to 
cause accidents by explosion. — ^The methods of supporting the roof and 
sides so as to prevent as much as possible the recurrence of accidents 
from falling masses of materials. — ^The best mode of winding the men 
up shafts so as to lessen their risk by the breakage of ropes, chains, or 
parts of the winding machinery, and any other precautions which are 
necessary to lessen the number of accidents which occur. 

'' As to the Safety Lamp, whether the Report of the Committee of 
1852 on that subject is considered correct, and whether since that any 
new discovery has been made which will tend to the improvement of the 
Safety Lamp. 

'* As to the system of inspection, whether it is considered advisable or 
necessary to have Government Inspectors, and if so, whether or not it is 
thought the present number are sufficient, and if not what increase is 
suggested. 

"It will be observed that in coroners' verdicts, in at least 99 cases out 
of 100 a verdict of ^' accidental death is returned ; this may be accounted 
for by the state of the law, which gives no discretion to coroners' juries, 
who are either obliged to return a verdict of accidental death or man- 
slaughter. 



" Also as to whether some law should not be made enabling a jury to 
assess damages in case of carelessness^ or to assimilate the law to that of 
Scotland. 

^^ Also as to whether power should not be given to magistrates or to 

tiie Secretary of State^ on the representation of the Inspectors^ to levy 

£nes on the owners of collieries, where necessary precautions were not 

^taken to prevent accidents ; and also upon the workmen who uncover their 

Safety Lamps in dangerous situations, or commit any other reckless act 

80 as to endanger the lives of their fellow workmen. 

^' Also as to what system can be adopted which would work best for 
the establishment of schools for the children of workmen, and funds for 
the relief of themselves in case of sickness, and of the widows and or- 
phans of those who may meet their death through accidents." 

Many of those topics being of great importance to the trade, it 
appears desirable that they should form the subject of discussion by the 
Institute. The council have had the subject before them, and recommend 
that such discussion should take place at the next meeting on the 3rd of 
June, the honourable Member having appointed the 31st inst. for bringing 
forward his motion. The heads will be printed with the proceedings of this 
meeting, and be placed in the hands of the members of the Institute in 
sufficient time to enable him to come prepared to enter upon the discussion 
on the day in question. 

Before concluding, there was one question which was also of great im- 
portance, viz., whether the Davy Lamp was a safe lamp or not They 
would have observed that the Committee of 1852 had reported that the 
lamp was an unsafe lamp, and that the flame passes through the gauze 
when the lamp is moved at a certain velocity. Now, it was extremely ad- 
visable to ascertain whether this is the case or not, and if it is unsafe, 
under what circumstances it is so. Considering the hundreds of work- 
men who were daily working with those lamps in atmospheres which 
either is actually explosive, or is at any moment liable to be explosive, 
it was of infinite importance that it should be ascertained in a practical 
manner whether the lamp is a safe one or not. He had constructed an 
apparatus to test the lamp in the Killingworth Colliery, and he trusted, 
before the meeting, to be able to state the result, and he would be glad if 
any of the membeis of the Institute would favour him with their company 
to witness the experiments. 

The meeting was then adjourned until Friday, the 3rd of June. 
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The following observations may be deemed more historical than inte- 
resting to many of you. They have been derived during a long period 
of practice, and I submit them to you without presuming to point out 
much improvement in the present modes of working Goal Mines. It 
wiU therefore be less interesting to the old experienced miner, than to 
those who are preparing themselves for such pursuits. 

My object is to excite discussion on the various methods of manage- 
ment, already well known to colliery viewers in the district, and have 
been more particularly compiled to explain to those members of the 
Institute, who have so much distinguished themselves in mechanical and 
cliemical science, who are not practically experienced in mining, to enable 
them to join in our discussions, and assist us in our endeavours to arrive 
at the most perfect and safe plan of conducting such operations. 

You are aware, gentlemen, that the natural ventilating powers of a 
mine vary with its depth, arising from the increase of temperature as 
we descend below the surface, and tending to afford increased facilities 
for increasing the current of air in the mine, corresponding in some degree 
with its requirements. 

The inflammable gases are usually most plentiful at the greatest depths, 
(at least as far as my observations have enabled me to judge) there are 
exceptions, as at troubles, open guUetty stone forming the roof or floor 
of the coal, where reservoirs of gas pent up imder great pressure are' 
frequently met with ; however, this rule is said to be departed from at 
Monkwearmouth Colliery, where (I have been told) the quantity of car- 
burett^d hydrogen gas discharging from the coal is very moderate. The 
deeper mines have also, in addition, a greater length of column of heated 
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air in the upcast shafts giving to the downcast additional preponderating 
power. This has been fully explained by our President during the Steam 
Jet discussion. 

On examining' memoranda made when I was in connection with the 
late Mr. George Hill (a gentleman whose ability as a mining engineer^ 
and his scientific attainments are well known to many of you). In refer- 
ence to the ventilation of Team Colliery in 1815, I find that we were 
satisfied with about 8000 cubic feet per minute, in the Betty Pit low 
main workings, now we have 40,000 cubic feet per minute, occasioned by 
the goaves being extended in the working of pillars, by splitting the air 
and apportioning it in separate streams to the respective districts, thereby 
shortening the runs, and reducing the resistance. 

The depth of the downcast being 74 fathoms, 

and the upcast, 63 Do. 
Diameter of the shafts 7 feet 9 inches. 

The air-courses in 1815 being in no part less than 36 square feet of 
sectional area ; the length of run at that time exceeding 20 miles ; the 
waste was divided into three and four board courses, the middle boards being 
set apart for stowing, leaving a creeping road over where fells occurred, 
and maintaining secure, two open air-courses. 

In those pits there was at that time (when working the whole mine) a 
considerable quantity of inflammable gas discharg^g firom the Tyne Low 
Main Seam, most particularljf under the eastern part of the estate, where 
its depth (adjoining to Sheriff Hill) is about 120 fathoms. The air in its 
progress became gradually more deteriorated as it proceeded through the 
workings, by being deprived of a portion of its oxygen in supplying the 
requirements of life to the workmen and horses employed, and by col- 
lecting in its progress, carbonic acid, gas, and other impurities, tending 
to reduce the inflammability of our much dreaded enemy. The progressive 
change indicated by the candle being, gradually from a short blue top on 
the flame in places near the downcast, or first of the air, to a long brown 
top mixt with blue in the return, as it approached the upcast. 

At the time above referred to, as at present, it was the common practice 
to give the return air from a blower, or a foul board, a long run brfore 
naked lights were permitted to be introduced amongst it, by which means 
the inflammable gases became more diffused in the passing current^ and 
consequently further reduced below the firing point. 

Should the exception before referred to, as reported at Monkwearmouth 
Colliery, be correct, namely, that little inflammable gas is there met with^ 
we may be led to infer that high temperatm^e has something to do with 



expelling' it at a certain point. At any rate it is a subject well worth our 
attention* 

The justly celebrated Professor Johnson, of the Durham University, a 
few years ago noticed a new mineral, which he named Hatchetine,* sup- 
plied to hun by Mr. Hutton, from Urpeth Colliery; and I think the 
Professor stated that it was obtained from the fissure of a dyke in a solid 
state, assuming the consistence of wax, of a brown colour ; which he 
thought became volatile when exposed to the action of the atmosphere 
or perhaps decomposed by the action of those galvanic currents, sup- 
posed to be passing through the earth in dykes. About the same time 
my son, (who had previously been attending Professor Johnson's lectures) 
foimd a brown waxy, or resinous substance in the fissure of a dyke at 
Waldridge Colliery, resembling the above description of Hatchetine. 
This substance> when exposed to the flame of a candle, burnt freely, and 
gave off a fine pure light coloured blue flame, apparently of intense heat. 
From that circumstance, I have frequently been led to imagine, that a 
substance of this nature may exist in a liquid, or finely powdered state 
between the facings of the coal in firey mines, where it may become 
aerial, when subjected to tl^e action of the atmosphere, or other means ; 
and when deposited in open gidlets in large quantities, may probably 
supply those immense discharges of carburetted hydrogen gas, occasionally 
met with, and which continue during a long period, I mention this 
speculatively in order to attract your attention, so that due consideration 
may be given to it. The subject is interesting, inasmuch as it may 
lead to the discovery of the source from which those gasses are suppHed 
by the operations of nature, during so long a period, as several blowers 
have been known to exist. 

Carbonic acid gas is more abundant in some particular beds of coal 
than in others ; and, together with the superabundant nitrogen, produced 
in the operation of the working of a coal mine, are usually ascribed as 
being the cause of the difference, in appearance of the colour, and length 
of top, shewn on the flame of the candle, when used as a test of safety. 
The carburetted hydrogen gas, in the Hutton Seam, or Tyne Low Main 
is supposed to be the most pure, and consequently displaying a much 
shorter and more pure blue light-coloured top on the candle than in 
any of the other seams usually found above it in the Newcastle coal for- 
mation, before arriving at the firing point. I have known an over- 
man brought up and accustomed to the top, in the Tyne High Main, very 
much deceived, when put in charge of a pit's workings, in the Hutton 

* Transactions of the Natural History Society, Newcastle, Vol. II., pag-c 394. 



Seam ; nnd, on the contrary^ a viewer or overman taken from the Hut- 
ton Seam^ and put in charge of a pit's workings in the Tyne High Main or 
Wear Main coal^ to be very much alarmed at the appearance of the top on 
the flame of the candle^ long before the atmosphere of the mine arrived at 
the firing point. More than one accident has been supposed to have 
arisen^ in my recollection, from these causes. 

The rage of the present day seems to be, to vie with each other in 
having the greatest possible quantity of air passing down the pit; but we 
must be careful to have it applied in such a manner as to perform its 
ntended duty before it is allowed to return to bank. 

The air at the bottom of the downcast is divided into apportionments 
in accordance with the requirements of the respective districts in the pit. 
This is effected by passing the currents through regulators, or single 
apertures, leading into or out off each district, the size of which are regulated 
by slide shutters to accommodate the different leogths of run and other 
circumstances. Those divisions are again frequently subdivided when the 
air arrives within the district it is intended to ventilate. This system 
tends to shorten the run, and lessen the ordinary friction, or as it is now 
termed the ^^drag." By such means a much larger quantity of pure 
air is conveyed into the mine, affording to the workmen a more healthy 
atmosphere to live and breathe in. However, I may take the liberty of 
reminding you, that great vigilance and attention is required in a fiery " 
mine, in order to balance equally, the impulsive forces requisite to attain 
a regular effective ventilation in the respective divisions, varying as they 
do in leng-th of run, dip, and rise of seam, and other circumstances tending 
to obstruct its progress, and also atmospheric changes ; the latter being 
indicated by the barometer. 

The method of ventilating mines by " split air," as it is termed, was 
first introduced at Felling Colliery by the late Mr. Hill in the latter part 
of 1816. Those workings had previously been aired by one Furnace and 
a single current ; however, at that time the atmosphere near the bottom 
of the upcast became so much loaded with carburetted hydrogen gas, 
which induced serious apprehensions as to the propriety of proceeding 
further without increased powers of ventilation. 

It was ultimately determined to place two Furnaces at the bottom of 
the upcast pit, the air to be divided and conveyed in separate streams to 
each, the one to be applied in ventilating Che waste, and the other the 
working part of the mine. 

In the whole mine workings or other places where bratticed air is 
required to remove impurities, great caution is necessary in the split 



system^ in order to avoid too much contraction of the sectional area of the 
air-way. Board end doors ought to be cautiously applied, if absolutely 
necessary, where bratticing is required for preventing too large an 
accumulation of gas in any part of the mine ; as it must be borne in mind 
that, by contracting the passage below the arranged minimum standard 
of the air-course, the resistence of the air will be increased, and the 
district will consequently be deprived of its due quantity, and thereby 
endanger other parts of that district. In order to elucidate more AiUy 
my meaning, I will assume that the minimum sectioned area of the 
air-course in a mine is 86 square feet in a four feet seam; the four 
yard boards in such a seam will only be equal to 48 square feet, and there- 
fore, when a brattice in such aboard is placed to direct the air to the face, 
it is not likely that there will be more than 10 or 12 square feet behind it 
to contain the current. Under ordinary circumstances it will be found 
better to reduce the passage way for the tubs, to about 4 feet in width, 
or 16 square feet of sectional area, and direct the remainder up to the 
&ce* Peculiar cases frequently occur where more air is required than 
it is possible to apply when a sudden discharge of pent up gas is let 
loose; however, it is necessary at all times to attend to the state of 
the return air whilst loaded with an additional quantity of carburetted 
hydrogen gas. 

During our experiments at Killingworth, on the 4th of December last, 
when both Furnace and Steam Jets were in operation, the quantity of air 
passing between the downcast and upcast was found to be nearly 40,000 
cubic feet per minute, through a sectional area of 36 square feet. This 
passage was reduced to 7^ square feet of sectional area, when the cur- 
rent then passing between the downcast and upcast was ascertained to 
have been reduced to 25,000 cubic feet per minute, and the water guage 
rose from 1^ inches to 2 J inches. 

Permit me, gentlemen, also to direct your attention to the Furnace. I 
think it may be improved by gradually enlarging the area of the archway 
from the fire towards the shaft, in order to accommodate the increased 
bulk, of the air occasioned by the rarefying power of the fire. 

There is another subject I have undertaken to submit to your consider- 
ation, which is of considerable importance to the proprietors of coal mines; 
inasmuch as by increasing the quantity of merchantable coal produced 
from our valuable coalfield, it is proportionately adding to the value of the 
property containing it, and by whatever means this is accomplised, due 
attention ought to be given to any plan that can be devised which is likely 
to accomplish such a purpose. 
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When I Erst commenced as a young viewer at Team Golli^rj;^ under 
tlie late Mr. Steel, in 1811; the pillars were at that time working in the 
yard coal seam, or what is usually called the main coal on the Wear, under 
the south-east angle of the Ravensworth Estate, at the depth of 75 
fathoms below the surface, laid out in 14 yard winnings. The boards were 
driven 4 yards in breadth in the whole mine or first working over, and the 
pillars left for a second working, 10 yards in thickness, and holed at 24 
yards ; the headways 2 yards in breadth. 

After each of the districts were exhausted in the whole mine, the pillars 
were then commenced at the extremity of the coal, intended to be worked 
from the respective shafts in the estate, or from the boundary barrier, and 
brought back by what is usually termed jenkining, viz., by driving a 
narrow working up the middle of the pillar, leaving as mncb. ooal in 
stocks, or on each side of the working, as was found necessary to supp(»i 
the incumbent strata and protect the barrow-ways during the process ci 
such second working. This mode was in general practice at that time, 
and it may be unnecessary to state, that much loss of coal was sustained 
thereby, aiising from the stocks being pressed down into the thill, and 
occasioning a sort of bending down of the roof, and preventing the stone 
or incumbent strata above the seam from breaking off, so as to rest upon 
the floor of the mine in a detatched state from the strata reposing upon 
the unworked pillars. This frequently caused the board rooms in ad- 
vance to fall, and its influence was often so much extended as to cause a 
general creep in the vicinity of the goaf, and so crushing the coal in 
the pillars around it. 

This system was induced in order to admit of the edge of the goaf 
being partially ventilated where the men were working, (the period I 
refer to being previous to the invention of the safety lamp.) The Steel 
Mill being at that time the only instrument we had to enable us to ex- 
amine the waste, and keep in repair the air-courses. 

About the year 1815 or 16 it was discovered that, with the assistance 
of the safety lamp, a more eflectual mode of working might be adopted, 
and thereby obtain the whole of the coal. To accomplish this object, the 
pillars were left of greater thickness, proportionate to the depth of the 
seam, in order to form sufficient barriers of themselves to resist the effect 
of the pressure from the goaf. The tramways were laid along the head- 
way course next in advance of the broken workings, and the coals con- 
veyed from the juds or working on branch railways up the old boards to 
the headway, and from thence to the crane or main railway, the pillars 
being worked back either by judding or taking away the whole breadth, 
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or dlTiding them into two or three portions^ and removing the Goal away 
in lifts or portions driven down to the goaf in accordance with the 
requirements of 6he roof. 

This mode of working enabled the workers of the mine to obtain the 
whole of the coal contained in the seam. 

The late Mr Buddie introduced a further improvement^ bj dividing the 
districts to be worked into panels^ surrounded by barrierts, adding thereby 
to the aggregate strength of the pillars^ and leaving a portion of whole 
coal to mix oif with that obtained therefrom in the second working; and 
although no increase of quantity could be. obtained^ yet a greater pro- 
portion of round coal was got^ in consequence of the resistance to the 
overhanging pressure of the strata above the goaf being more effectuaL 

At Team Colliery an immense improvement was effected by adding to 
the sisse of the pillars; they were increased to accord with the respective 
depths from the sui*face, varying from 20 to 120 fathoms^ and as the 
quantity of round coal obtained from pillars is in all cases less than from 
the whole coal; the additional yield from the barriers became of gi*eat im- 
portance. 

The object of my remarks being intended to induce discussion, and 
dicit facts from others in reference to a system which I shall now describe^ 
and which, though old in the southern coal fields, it is new in this, viz., 
the long wall system of working coal. 

The first exp^iments that I had an opportunity of witnessing were at 
Team Colliery. The pillars had been left in the olden times of the usual 
size, under an excellent grey metal roof. They had been successfully 
worked for many years upon the principle last described, and nearly the 
whole of the coal was extracted from a g^ven space; however, in consequence 
of the flattering reports in circulation, setting forth that so much more 
round coal was obtained by the Lancashire process, we were induced to 
try it in those pillars with the aid of chocks and props. 

The place selected was in the Tyne Low Main Seam, lying at the depth 
of 50 fathoms, the walls were 8 yards, and the boards 4 yards in width, 
nearly all upstanding. Three walls were commenced with, in a breast, 
and the men were protected by two rows of chocks, assisted by metal and 
common props. Here we very soon found that the pressure from the 
goaf became so great upon the back chocks as to prevent their removal, 
and to spread its influence up the old boards, causing the roof to break 
to an extent to induce its abandonment, and resort to the old system 
again. 

The next place I tried was at Whitwell Colliery, in the Wear Low Main 
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Seam^ at a similar depth to tliat last referred to from the snr&ce. I was 
induced to make this selection^ in consequence of the seam having a very 
strong sandstone roof lying next above ity several fathoms in thickness; 
the walls or pillars were 10 jards^ and the hoards 5 yards, the merchant- 
ahle part of the seam heing only 2 feet 4| inches in thickness, with ahout 
6 inches of coarse refuse hottom coal, in which the kirving or incision 
was made, together with 8 inches of hottom stone required to he taken up 
in order to admit of the use of tuhs and ponies, 8 feet 6 inches being 
required for ending up the tub and filling at the hce, 8 cwt. tubs being in 
general use. 

This plan again was ultimately abandoned, as we found no increase in 
the yield of round coal (which was the object principally aimed at,) the 
cost of labour being also increased, arising from the additional quantity of 
bottom stone to be taken up and stowed behind the chocks, together with 
the inconvenience of obtaining the latter, arising from the roof bending 
over towards the goaf without (effecting a fractwre^ thereby crushing the 
stooks in approaching the working headways,' and producing a tendency 
of creep. 

The same effect was experienced in the Hutton Seam, in another part 
of the pit. The old system was again resorted to, of supporting theiroof 
with props, and working the pillar and stall method. 

During those experiments, we were preparing a district in the whole 
mine in the Hutton Seam, which had partly been worked the first time 
by boards 4 yards, and pillars 12 yards in thickness, rMh a strong fost 
roof 8 feet thick next above the coal, and above the post the usual alter- 
nations of metal stone and post up to the Low Main. I left every other 
board, which increased the pillars to 28 yards in breadth, and holed the 
walls at 60 yards. 

After holing the walls in the manner described^ we again conoimenced 
to work the pillars the long wall system, by taking off 8^ walls in a breast^ 
leaving a sufEcient quantity of coal next an air-board driven parallel with 
the boundary of the estate, in order to secure a return for the air on the 
inbye side of the goaf. In this manner the coal was entirely takoi away 
out of a space equal to 96 yards by 40 yards when we got the first fidL 
During this process the men were protected in the ordinary way, by two 
rows of chocks between the face and the goaf, set in piles of 2 6et 
lengths of the usual description, made fit>m round timber partially 
squared, or made flat on two opposite sides, and placed 4 feet distant, to- 
gether with a supply of common props to apply in case of need, in order 
to guard against unforeseen occurrences. 
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After the first fall we soon found the pressure of the inicumbent strata 
above the goaf to bear so heavily upon the back chocks^ and simultane- 
ouslj with the rising of the thill^ to force them into the floor of the mine. 
The back chocks thus became so much nipped as to prevent (or cause 
much difficulty in) their removal. We ultimately deemed it inconve- 
nient to proceed Airther with this mode of workings consistent with the 
safety and economy of the mine, and therefore abandoned it. 

The next experiment was made by placing a single row of chocks set 
close intO; and along, the face of the jud or breadth of face^ in piles of the 
above description, placed four feet distant, the entire breadth of the pillar, 
in order to get hold of the sound unbroken stone, and allowing the roof 
to fall close up to the chocks or face of the coal. We then commenced 
with a headways lift or working, of 8 or 9 feet in widths and thus 
worked off the coal in that direction until we reached the further side 
of the pillar. By this mode of working, the roof was firmly supported, 
and no movement or danger was indicated until the working extended 
across the whole breadth of the face, and until a holing was eifected at 
the extreme end into the board room. 

The chock deputies then commenced, after the hewers had lefl the place 
(generally at nights), to remove the timber forward, preparatory to begin- 
ning the succeeding lift or working. 

Thc( chocks were removed in the following manner, viz. : — ^Two men of 
experience were selected, with an assistant to remove the timber for them 
to where it was wanted. They commenced by examining the roof in the 
usual way by jowling^ and in the event of any loose stone being disco- 
vered, pn^s and chocks were kept in readiness to support it previous to any 
of the main chocks being removed. They then placed two or three spare 
piles of chocks against the coal at the inbye end of the heading, under the 
unbroken roof, and proceeded to remove the inmost pile of chocks next the 
goaf, and then placed the third or fourth pile in rotation as they pro- 
gressed outwards, until the whole were removed forward, and the suc- 
ceeding heading or working put in readiness for the hewers to resume 
work on the following morning. 

This mode of working has been continued for some time, and has been 
deemed most satisfactory when compared with the other methods I have 
before described. 

You are aware of the difficulty of determining upon the best plan of 
removing the pillars in a coal mine before necessary experiments have 
been made to ascertain it, arising from the variety of material composing 
the roof and floor of the seam, and the difference of stratification that 
generally occurs (no two places being alike) \ and as the question before 
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you is interesting to all parties concerned in the working of collieries, 
most particularly to those who have the direction of such operations, 
under this impression I have heen induced to submit those experiments 
to your consideration, in order to elicit facts from those who have had 
more ex|)erience than myself in the prosecution of this new system of 
working the coal^ consistent with safety and economy, and also as to the 
propriety of following out those experiments upon the principle I have 
before explained. 

The system of thus protecting the men by chocks, and working the 
coal in the manner last described — ^when contrasted with the method of 
removing the pillars by judding or taking away the coal, the entire 
breadth of the face, protected by props, I have found to be much more 
safe and economical under a strong roof. 

When it is considered that a conmion prop 4 inches diameter is only 
equal to 12| square inches of sectional area to bear against the roof, and 
a solid pile of chocks 2 feet square presenting a bearing-up surface equal 
to 576 square inches, it will be apparent that a single pile of chocks will 
contain timber equivalent in bulk to 46 of such props, and be more eifec- 
tive in supporting the incumbent pressure ; and as a single row of chocks, 
consisting of 16 piles (as at Whitwell Colliery), are applied to each jad, 
it will appear that timber equal to 736 props were applied to support the 
roof in each place, with other props in addition placed where it was 
thought necessary by the deputies in charge. 

In conclusion, gentlemen, I beg to compliment you on the favourable 
opinion so generally expressed by the public on the objects we have in 
view, and also to the increase of our members ; but most particularly I 
congratulate you on the acquisition we attained at our last meeting when 
joined by Mr. Robert Stephenson (the son of a justly celebrated and 
worthy sire whom we all knew), who has been bred, brought up, and 
educated amongst us, with a thorough knowledge of the arduous duties 
we have to perform. He will have many opportunities of correcting mis- 
representations, (in the prominent position he now holds) that frequently 
arise amongst theoretic gentlemen at a distance, who are igfnorant of the 
nature of our arduous and dangerous pursuits. 

We may now consider ourselves fairly represented in Parliament, and I 
trust that, when our proceedings are better known, practical experience 
will be placed in a much higher position than it has been hitherto. 

WILLIAM BARKUS. 

Low Fell, Gateshead, May 6th, 1853. 
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The minutes of the Council Laving been read, John Evans, Esq., of 
Dowlais Iron Works, was elected a member of the Institution. 

The President said he believed the present meeting was intended to 
discuss the heads of inquiry, which were to come before the Committee 
of the House of Commons, on Accidents in Coal Mines; and, in addi- 
tion thereto, he expected to have had to lay before the Institution the 
conclusion of a paper, by Mr. T. J. Taylor, on Water Blasts in Coal 
Mines. Mr. T. J. Taylor, howevw, was unavoidably absent in London, 
and therefore they could not have his paper on this occasion. The Se- 
cretary of the Institution had received a letter from Mr. Woodhouse, with 
heads of the evidence which that gentlemen proposed to bring before the 
Committee on Accidents. These would be read to the meeting, but 
before these were gone into, Mr. Reid would submit to the meeting an 
instrument which he had received for maikiDg time in making experi- 
ments and observations. 

Mr. Reid then exhibited a small instrument in a circular brass box 
with a dial plate at the top, having a long pomter revolving in seconds, 
with a lever so constructed as, by touching a spring at the side of the 
box, the end of it descends into a cup containing an imctuous substance, 
which it imprints upon the dial, where it makes a dot, and then goes on 
again. Besides being extremely useful in recording correct time, by the 
rapid pressure of the finger, the observer not having his attention taken 
from the subject of experiment, Mr« Reid stated that among the various 



puqx)ses for which it was proposed to be used was timing horse-races, 
the observer being able to register the time at which each of the horses 
passed the winning post, and thus ascertaining the exact time which each 
occupied in the race. It was stated to be the invention of a Frenchman, 
who was about to take out a patent for it. 

The President and several of the members expressed their approval 
of the instioiment, and of its utility in marking time in experiments on 
the velocity of currents of air in mines. 

The President observed, "*that at the last meeting he had told them 
he intended making some experiments at Eillingworth upon the Safety 
Lamp. He was sony he had not had time to do so to the extent con- 
templated, having been in London for the last week or ten days. Al- 
though he had not conducted a sufficient number of experiments to 
enable him to arrive at a correct conclusion on all the various points 
required, yet he might mention he had proved that the flame passed 
through the meshes of the gauze in inflammable air, when the lamp 
moved at a certain velocity, and when the wire had attained a certain 
state of heat. He had a box made about three feet square, and about 
sixteen inches in depth, inside of which the lamp was placed, at the end 
of an arm extending from a spindle in the centre, with which it was 
made to revolve. The box was filled with inflammable air from a blower, 
and then the lamp was placed upon the end of the arm, and turned 
rapidly round within the box. The lamp was allowed to become red hot 
before it was moved, and the number of revolutions and the time occupied 
were correctly taken. When the lamp was moved at the rate of about 
eleven feet per second, the lamp being exceedingly hot, the flame did 
not pass. It was then moved still more rapidly in another experiment 
and it was found that the flame did pass, as it exploded the gas inside 
the box, there being, of course, no other light in the box but that of the 
lamp ; and to prove that the gauze of the lamp was not injured, it was 
again used in another experiment, in which the lamp did not explode the 
gas, though it was moved at considerable velocity. The velocity was 
not very accurately obtained when the explosion took place, as the 
apparatus was not so perfect as to give the correct measurement at a high 
velocity, therefore he could not speak with any degree of certainty as 
to the velocity at which the flame would pass through the gauze under 
the circumstances described. He thought at the time the flame passed 
the lamp, it was moving at from fifteen to twenty feet per second. He 
was getting the apparatus improved, so as to ascertain the velocity 
correctly, and also in what state of temperature the wire of the lamp has 
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attained when it explodes. It was necessary, he remaFked, to ascertain 
the latter point, because when the lamp is not red hot, or even at a dull 
red heat, and when it was moved at considerable velocity, they could not 
get the flame through. It was not altogether the velocity with which 
the lamp moved which made the flame pass, but the degree of tempera- 
ture of the wires and the velocity combined. When the lamp was moved 
rapidly for a second or two, he could not within that time get the tem- 
perature sufficiently high to pass the flame ; it was only when it was 
moved rapidly round for eighteen or twenty seconds, at the rate of thir- 
teen or fourteen feet per second, and when the wire became not quite a 
white heat, but a very bright red heat, and when almost the whole of 
the lamp was in this state,, that the lamp exploded. When the experi- 
ment commenced, the wire was of a dull red heat, similar to that of a 
lamp in an inflammable mixture in still air; as it was put into motion the 
temperature increased, and the wire became of a bright red heat, and the 
temperature gradually increased as it was whirled roimd, until it ex.- 
ploded. The rapidity of the motion was such that the eye could not 
follow the lamp, and the appearance of a complete circle of fii*e was 
produced. It was very important to know at what temper atui^e and 
velocity the gauze of the lamp would pass the flame; and he intended to. 
carry out the experiments so as to determine those points. He expected 
by the next meeting to have those experiments completed, and he would 
then lay the result before them. 

Mr. Boyd— Ought we not to have the exact proportion of gas and 
fresh air in the box at the time of the experiment ? 

The President — ^Yes ; but in the case referred to, he had not the 
means of mixing the air accurately, so as to ascertain the exact propor- 
tions. All we did was to insert a pipe from a blower inside the box and 
so render the air in the box inflammable. By means of an apparatus he 
had now got, he should be able to fill the box with any mixture of gases 
he might think proper. It is very satisfactory to know, as the result of 
these experiments, so fer as they have gone, that it would be very 
difficult indeed for any person, unless wilfully, to raise the temperature 
of the wires in an inflammable degree so as to cause the flame to pass the 
gauze. It could only be done by swinging the lamp rapidly round at 
the extremity of the arm, for a period of fifteen or twenty seconds, at the 
rate of fifteen feet per second, and which could only be done wilfully. 

Mr. Mathias Dunn said he held in his hand a memorandum of Sir 
Humphrey Davy, made in 1816, with respect to the flame of the fire-damp; 
it was printed on the back of a paper entitled " Suggestions arising from 
inspections of wire gauze lamps in their workmg state in mines," which 
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had been prepared for drcofeition in the mining districts. The note was 
dated Hesleyside, Sept. 10^ and was as follows : — '^ I have shewn in a 
paper, printed in the transactions of the Boyal Society, that the power of 
heated wire ganze, to permit the passage of the flame of coal gas, is 
directly as the size of the apertures, and to a certam extent, as the velocity 
of the current : I say to a certain extent, hecanse by a current of a certain 
velocity, flame is extinguished. A very slight motion wiH pass the flame 
of coal gas through wire gauze, having less than 400 apertures to the 
square inch, even when it is heated to dull redness } but a very strong 
current, and an ignition above redness, visible in day-light, is required to 
pass the same flame through wire gauze, having above 700 apertures to 
the square inch ; and I have never been able to pass the flame of coal gas 
or any carbonaceous flame through wire gauze having more than 1600 
apertures to the square inch, by any means. The experiments above 
detailed on the blower (alluding to some other experiments) are the first 
I have made upon currents ofjire^mp. They prove what I had inferred 
from its other properties, and they ofier simple means of rendering wire 
gauze lamps perfectly safe against all circumstances, however extraordinary 
and unexpected, and of placing their security above the possibility of 
doubt or cavil." 

The President — ^In those observations of Sir Humphrey Davy, he 
speaks first of experiments with coal gas, and then afterwards with fire- 
damp 'y these gases are essentially different. He should observe, in addition 
to what he had stated, with respect to the experiments he had made, that 
the greatest heat was near the top of the lamp, and of course the flame 
passed where the greatest heat was. This would shew that lamps with a 
less length of wire gauze would be more safe. In the next experiments 
he should use a shorter wire gauze and a chimney. They would siee, 
however, that a shield at the side and near the bottom of the lamp would 
be of no use whatever, as the flame did not pass through the wii« gauze 
where the shield is placed, but above it near the top of the lamp. 

Mr. Dunn — Can you state what nuihber of apertures there were in 
the gauze ? 

The Phesident— Yes; about 784 to the square inch. 

Mr. Barkus — Is it not probable that the part most likely to inflame 
would be the middle of the gauze where the air makes its exitf 

The President — ^The very great tendency of flame to rise would 
throw the greatest heat to the top of the lamp, and the experiment 
proved that it was so. There was thick glass on one side of the box, 
and we could see the lamp as it went round. 

Mr. Barkus — I have seen a great many experiments, land it wtu3 sup- 



posed the ezploeion inside the lamp took place at the middle^ because 
there the air is stagnant. The air goes in near the bottom of the lamp 
to support the flame^ and then passes out near the top; and as there 
would be a point where the air was nearly stagnant^ that was ia his 
opinion the most likely part for it to explode. 

Mr. Elliott — I have several times seen a lamp fire inside the gauze; 
the heat always commenced at the top and went downwards. 

The President — ^Yes ; in the expeiiments the most brilliant heat was 
at the top of the lamp, and lower the heat was very much cooler. 
After the lamp is shortened, whether or not the quantity of gas within the 
lamp is sufficient to raise it to that degree of heat io admit of the flame 
passing, will be praved by the result. If any gentlemen have any lamps 
which they wish to have tried, he would be glad to subject them to expe- 
riments, as the apparatus, he expected, would test them very accurately. 
The result of the experiments already made, was rather in favour of lamps 
with a glass, or those which admitted only a diminished quantity of gas. 
Stephenson's lamp, for instance, did not explode, because the necessary 
quantity of gas to produce the requisite degree of heat could not get into 
it. Several lamps with glass cylinders were Cried^ and they all went out 
without heating the lamps much. 

Mr. Dunn — ^That is, when they began to get into a red heat, they 
went out ? 

The President — ^They never got into a red heat, but the flame 
gradually elongated, and then they gradually went out, for want of the 
requisite quantity of oxygen. We tried the length of time they would bum 
in an inflammable mixture before tii^y we^t out, but we did not think 
the experiment was satisfactory o^ conclu^ve, from the difficult ia sub- 
jecting them equally to precisely the same |i4™ixture of gases. 

Mr. DuKN—- I suppose the Davy lamp burnt longer tjiaa the others? 

Mr. Beid— I always found the Davy lamp burnt longer than any 
other. I state that from experience. 

Mr. Hall — I happen to be using a lamp in which the air entei*s in a 
diflerent manner from any other; it produces a greater light, and is 
equally as safe as Stephenson's or any other I have seen, and it may have 
a tendency to obviate the objection you state^ that of the flame passing 
through the gauz«. I have not tried it, but I think from its construc- 
tion it would have that efiect. 

The President — If you wiU come and bring your lamp with you the 
next time we make the experiments, we shall be very glad to give you 
an opportunity of trying it. 
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Mr. Elliottv^Tou are aware that Stephenson's lamp is used to ^ 
very great extent, and it is found to answer eyery purpose required. It 
goes out at a certain point, when sufficient air cannot get in through the 
apertures so as to support the fl^me. 

The PRESiDENT-^One objection to Stephenson's lamp is, that when 
the glass is broken, you have a larger cylinder of gauze for the flame 
than the Davy lamp, and the larger the cylinder for the flame the more 
unsafe the lamp is — the sooner a high temperature is produced. But 
then, if the glass is broken in some of the other lamps, there is no gauze 
or insulation of the flame whatever, 

Mr. Boyd — ^The great desideratum of Upton and Roberts in con- 
structing their lamp was, only to admit air to a eerttdn extent, and when 
it becomes explosive the light goes out, and it becomes extinguished at 
a certain point, 

Mr. Sinclair — ^The great defect of Upton and Roberts's Lamp is, 
that it goes out too soon. 

Mr. Hall — ^My object has been to imitate Mr. Stephenson and Sir 
Humphrey Davy in the construction of the lamp, but to keep the light 
longer in with a better flame, 

Mr. Greenwell here read a paper he had prepared on the inflamma-: 
bility of inflammable gases. It was as follows i-^ 

ON THE INFLAMMABILITY OF LIGHT CARBURETTED 

HYDROGEN GAS. 

On Friday, May 27th, I, in company with Mr. Simpson, made some 
experiments at Townley GoUiery, in order to ascertain the effect of placing 
od hot iron in contact with light Carburetted Hydrogen Gas. The Gas^ 
which may be termed '^ Washed Gas," as it passes through a drowned 
drift in the Three Quarter seam of this Colliery, is conveyed by means of 
a pipe in the shaft to the surface ; it then passes through naphtha into a 
gasometer, and thence to various burners in the shops and elsewhere. 
There is also a cock between the top of the shaft and the naphtha vessel, 
whence, when opened, the gas issues in its natural form. The first ex- 
periment consisted in placing a bolt, about 2 inches in diameter, heated 
to a cherry red, in contact with the naphthalized gas, in the smith's shop. 
The gas was immediately inflamed ; in a short time, however, the iron, 
still at a good red heat, ceased to possess the power of exploding the gas^ 

Precisely the same efiects were produced when the iron was applied to 
the cogk betweoB the pit and the naphtha vessel. 
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The next experiment consisted in applying a Davy gauze, similarly 
heated, to the issuing gas. An immediate explosion inside of the gauze 
was the result, and this was repeated several times; the flame, however, 
did not pass through and ignite the external gas. 

From this, it appears, that the mass of hot iron applied to the gas 
was the occasion of its explosion, acting in the first instance by heating 
the gas, and in the next by igniting it when so heated ; for when iron in 
the condition of wire gauze, although equally hot, was applied to the 
current of gas, instead of the iron in the first place heating the gas to 
such an extent, the gas operated in cooling the iron externally ; after, 
however, the gas had passed through the gauze into its interior, it had 
acquired a sufficient degree of warmth to enable the opposite side of the 
cylinder, still red hot, to explode it. 

I intend making some further experiments on this subject, which, when 
completed, I shall take an opportunity of laying before the Institute. 

Note. — All the gas formed in wet pits, or issuing with water, may be 
termed in an equal degree with the above, " Washed Gas." 

If the above theory be correct, it follows that, when the rapidity of 
the current of gas is such, that the whole of the quantity passing into 
the gauze (supposing it to be red hot) cannot be consumed within the 
gauze, the surplus, in a heated state, must pass through, and be very 
liable to explode. 

The President — ^There was a question raised at the last meeting of 
the Institute, as to whether red hot iron would explode fire-damp, and 
this experiment shows that it did explode that gas. In the first case, 
however, the gas passing through naphtha would receive some portion of 
the spirit, and be thereby rendered more inflammable than it otherwise 
would be ^ but in the second case the gas was applied before it passed 
through the naphtha, so that it would be similar to gas issuing from a 
blower. Whether any increased inflammability was produced by the 
gas passing through the water, was an important question. But there 
was another most important point in these experiments, which was this — 
the gas, they would observe, did not fire at the first wires, or in passing 
into the lamp ; the wires, it appeared, had the effect of heating the gas 
as it passed through, and then when it came to the other side of the 
lamp, and approached the red hot wires, it exploded. 

Mr. Elliott — The gas becomes heated in passing through the first 
wires, and therefore more inflammable. 
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Mr. GREEmyELL — I may explain that these experiments with the 
gauze were made with gas after it had passed through naphtha^ but^ in 
experiments I made with iron^ there was no difference between passing 
the gas through naphtha and not doing so. 

Mr. Elliott — Was there any pressure ? 

Mr. Green WELL — There was the ordinary pressure, the same as you 
see in a burner. 

The President — ^Would it not be well to have the gas analysed ? I 
have sent some of the gas from Eillingworth to Mr. Richardson for that 
purpose, so that the constituent parts may be ascertained. 

Mr. Elliott — I suppose the explosion would not be instantaneous — 
there would be a short interval after the gas was passed through the 
wires. 

Mr. Green WELL — It was a very short time— only about a second. 

Mr. Dunn — ^Was there the same degree of heat in the experiments? 

Mr. Greenwell — ^Apparently so. 

The President— It is quite clear that these experiments ought to be 
carried further than they have been : they are very interesting. 

The President next called the attention of the meeting to a docu- 
ment which the Secretary had received from Mr. Woodhouse, comprising 
heads of evidence which that gentlemen proposed to give before the 
Committee of the House of Commons, appointed to inquire into the 
cause of Accidents in Coal Mines. The docament was then read by the 
Secretary. 

The President said, he thought the best way of discussing the sub- 
ject would *be to take each head separately. They were aware that Mr. 
Woodhouse had most extensive practice as a Mining Engineer, and that 
his opinion would have great weight with the Committee. The first 
head of inquiry in the evidence of Mr. Woodhouse was, " The Ventilation 
by Furnace, Steam Jet, or any mode, either in use or which may be sug- 
gested as an improvement to those npw generally adopted." The object 
aimed at in this head was to get into the pit the largest quantity of air 
they possibly could. If any gentleman had any observations to make 
upon the point he should be glad to hear him. He believed Mr. Elliott 
had been making some experiments which were calculated to elucidate 
the subject. 

Mr. Elliott said, he had made some experiments upon the Steam 
Jet, but they were not in such a state that he could bring them before 
this meeting. It was very probable he should bring those experiments 
before the parliamentary committee. 
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The President — It is fully expected (there haying been so many 
committees upon accidents in coal mines); that the present committee 
would come to some practical conclusion upon the matter } and, there- 
fore, it was very desirable that all the information possible bearing upon 
the subject should be laid before them. He had had an opportunity 
since the last meeting of the Institute, of seeing Struv6's Appa- 
ratus working at a colliery in North Wales. It was intended to apply 
two cylinders, but only one was at present at work. It was constructed 
according to the plan he now produced, and consisted of a cylinder or 
airometer 17 feet diameter, the piston being double-acting, with a 6 feet 
4 inch stroke. He had had an opportunity of making some experiments 
to prove its exhausting power. It had been at work for about eighteen 
months, and he was told that only on three occasions had it been de- 
ranged, arising each time from breakages in some parts of the machinery, 
which was discovered to have been defective; and it was out of use only 
from eighteen to twenty-four hours cm each occasion. That would of 
course be of some consequence in one of our large collieries here. It was 
applied to a pit at the Newminster Colliery (the workings of which were 
not very extensive), at the top of a shaft about 100 fathoms in depth, the 
shaft being eight feet in diameter; an experiment was made on the 
water-gauge at the bottom of the pit, between the upcast and the down- 
east, and which would shew the drag of the air through the workings. 
There was a variation in the eflfect in the working of the air pump, and 
between the up-stroke and the down-stroke of the piston. The maximum 
effect of the up-stroke of the piston was 1*25 inches, and the minimum 
effect was '75 inch. As shewn upon the water-gauge, the maximum 
effect of the down-stroke being the more powerful, gave 1*4 inches, the 
minimum being 1*1 inch. The average mean being 1*125 inches. The 
water-gauge at the top of the pit, close to the pumping apparatus, was 
found to average 2^ inches. The power applied to the top of the shaft 
was, therefore, equal to 2J inches of water-gauge, and yet it only pro- 
duced very little more than 1 inch at the bottom of the pit. The range 
of the water-gauge at the top of the pit, where the engine was at work, 
was from 5 inches to nothing at each stroke of the piston. The quantity 
of air pumped by each complete stroke of the piston, was 25,000 cubic 
feet per minute, and the quantity of air in the workings was 22,000 
cubic feet. This was about three weeks ago. They were then about to 
apply the second cylinder or airometer, and it will be a very interesting 
inquiiy to ascertain the difference of effect between the two cylinders and 
one. He shoidd have an opportunity of seeing them in the com'se of a 
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short time, and would report the result. The engine used for working 
the air pump was a high-pressure engine, with a 12-inch cylinder, hav- 
ing a 3-feet stroke, and the boiler was about 30 feet long, with a pres- 
sure of 40fi)s. to the square inch. The pulsation of each stroke of the 
airometer piston was distinctly felt in the workings at a considerable- 
distance from the shaft. 

Mr. Reid— How many strokes did the engine make per minute ? 

The President — The air ptmip piston made fi*om 7J to 8 strokes per 
minute ; the steam engine 4J times as many. 

Mr, Elliott — Is the same engine intended to work the other pump I 

The President — ^Yes ; but I believe they have made an arrangement 
to put another boiler up if required. 

Mr. Reid — Is there any possibility of ascertaining the quantity of air 
pumped out of the mine ? 

The President— The quantity pumped by the airometer, taking the 
number of strokes per minute, and the area of the cylinders, ought to be 
25,000 cubic feet per minute. We measured the air in the workings in 
the return near the bottom of the pit, and found the quantity was about 
22,000 cubic feet per minute. It did not, therefore, realize the actual 
quantity of air pumped. We tried the temperature of the air down the 
pit and at the top, and it did not vary more than what was due to the 
increased depth. 

Mr. M. Dunn — I will read you a quotation from a work published by 
Dr. Howard, of London, giving his opinion on coal mine ventilation. 
He says — " I believe the best means of ventilating coal mines is by 
means of wind-mills working above, so as to produce a current of air 
through the mines, such as is now caused by the burning of the fur- 
naces. It seems that a skilful mechanician could readily construct the 
apparatus required, with a capacious sucking chimney of hoops and in- 
combustible canvass, or in some such way. If furnaces are used for this 
purpose, they certainly ought to be above, and without the mine, and 
furnished with chimneys of some considerable height." 

Mr. Greenwell — I think it might be useful to take the sense of the 
meeting as to the means adopted as an auxiliary power to produce ven- 
tilation in cases where the furnace cannot be used, in consequence of 
an overflow of inflammable air, or of explosions. 

The President — I suppose what is now used, namely, the waterfuU 
in the down-cast shaft, is the most efiective in cases of emergency^ 
although it may be sometimes diflScult to obtain sufficient water. 

Mr. Dunn— There is the case of St. Hilda pit, where they are now 
using the Steam Jet, because they cannot get the Airnaces lighted. 
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The President — You are quite correct in saying the Steam Jet is 
used at present for that purpose at St. Hilda Colliery. The pit has heen 
off work for a long time, and, in consequence of the tubbing in a shaft, 
which was used solely as a ventilating shaft, having been to take out and 
replace, part of the workings have been allowed to become filled with 
inflammable air ^ and although it was practicable t;0 light the Aunace, 
yet it was deemed more advisable to employ the Steam Jet at the top of 
the pit, to assist in clearing the working. Although the quantity of air 
is not very much increased by the jet, about 3,760 cubic feet per minute, 
yet still it produces a decided up-cast tendency in the shaft, and so keeps 
the current constant and certain. 

Mr. Barkus — ^With reference to Struv6's apparatus put in comparison 
with the fiimace, you say the apparatus gives 22,000 cubic feet of air per 
minute, but take a fiimace producing the same quantity, which is the 
best method, and the most economical ? Which is the most approved 
of? Which most efficiently answers the purpose? If the fiimace is 
neglected to a certain extent, it still continues to act upon the air, and, 
though diminished a good deal, the current still passes. The machine 
is kept to a certain point by parties attending it, and in case of accident 
to it, the current will cease to pass almost immediately. The two sys- 
tems should be compared together, and some opinion given as to which 
of them is the best. Stmv6's apparatus is now brought forward as the 
best way of ventilating mines by machinery, and it is desirable to ascer- 
tain whether it actuallv is so or not. 

The President — ^AU these are capable of being determined by ex- 
periment and inquiry. I should say the men in the colliery are rather 
against the use of the fiimace, fhey are so satisfied with the safety of 
the machine. 

Mr, Barkus — I think few of us would say, from the experience we 
have had, that Struv^'s apparatus is superior to the fumace. The steady 
action of the fiimace is a great deal in favour of it. 

Mr. Elliott — ^Whatever prejudice there may be upon the subject, it 
is quite possible to determine by experiment the comparative merits of 
each system. 

The President — Having been called upon to report on this colliery, 
it will certainly be my duty to make the requisite inquiries upon the sub- 
ject, and, after doing so, I shall give you the result and my opinion 
thereon. My impression at present is, that a properly-constmcted fiir- 
nace would give a greatly increased quantity of air 5 but I have stated 
I would not give a decided opinion upon it, till I saw the other cylinder 
tried. 
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Hr. Hall — No question it will be a very nsefiil apparatus in case you 
cannot nse the farnace. 

Mr. Reib— I should say it woold be yeiy inconvenient to keep the 
apparatus many years abont a cdliery, in prospect of using it in case of 
accident to the furnace. 

The President— I am of opinion that Strure's apparatus is the best 
mechanical means for pumping air out of the mine. Tou get by the use 
of that -moi^htriA a greater effectiTe power than by the Steam Jet. The 
mechanical power of the Jet is less with the same boiler power than the 
machine. 

The next head of inquiry, the President obsoTBd, was ^The capa- 
city and size of the airways, and the best modes of carrying the air 
dirougfa the workings to the up-cast shafi, &c." 

Hr. Wales remarked, that they could not be wrong in having large 
air-courses, in which opinion the members generally concurred, Hr. 
Dunn observing, that in his opinion the sijse should be discretionary, in 
proportion to the size and requirements of the mine, it being impossible 
to lay down any rule that would be applicable in all cases. 

The President said, the third head related to the methods of sup- 
porting the roof and sides of the mines. There had certainly been con- 
siderable improvements made latterly, by the introduction of chocks, 
where props formerly were employed. It might be desirable to go into 
this matter a little more in detail afterwards. Some persons thought 
chocks were decidedly the best, others preferred props, while others agam 
thought a mixture of chocks and props the best. 

Mr. Sinclair, the Secretary, stated that Mr. Woodhouse had pro- 
mised a paper on Long-walls, and it was probable he would enter into 
that part of the subject. 

Hr. Elliott observed, that there was a great difference in roofi, so 
that one plan was not strictly i^plicable to all cases. 

The President said, the next head referred to was, ^^ The best method 
of winding the men up the shafts, so as to lessen their risk by the breaking 
of ropes, &c." This he supposed had reference to H. Foudnnier's and 
similar apparatus, for preventing accidents. The subject was briefly 
discussed, it being observed, that probably some account of the different 
modes in use would be brought before the Institute, when the subject 
would be fully discussed. 

The next head applied to the ^^ Safely Lamp," which had been dis- 
cussed abeady. 



15 

The next head referred to the system of inspection— .-'^ Whether it is 
considered advisahle or necessary to have Govemmemt Inspectors, and if 
so, whether or not it is thought the present nmnhcr are sufficient, and if 
not, what increase is suggested." The Presidet^t said, the first point 
to consider was, whether they thought it desirahle to have Government 
Inspectors at all or not, and if so, what should be their duties, so that 
without infringing upon the responsibility of managers of mines, they 
would best accomplish the object in view. 

Mr. Dunn said, it seemed they were chalking out a great deal of new 
work for the Inspectors, and yet there was to be no increase in their 
num1)er. He wished to have the observations in the evidence read over 
again. 

The President having read Uie extract conchding ^with the words 
"in order to make the Ins|iectors efficient, their whole time ought to be 
employed for the purpose" — asked Mr. Dunn if that was his opinion? 

Mr. Dunn replied that it was. 

The PREsroENT observed, that he thought the Inspectors should be 
paid according to their merits, but it was certainly im p ort an t that they 
should devote the whole of their time to the duties of inspection. There 
was another point of considerable importance. It was proposed to es- 
tablish an office in connexion with the Government, through the Museum 
of Practical Geology established in London, to which all reports of acci- 
dents, with plans, &c., were to be forwarded. The Museum of Practical 
Geology might, in his opinion, be very useful in promoting education, 
and as a record office for depositing plans, £c. ; but he doubted very 
much the propriety — ^indeed, he thought it very questionable poKcy, that 
of interposing any tribunal, except that of a purely practical one, be- 
tween the Government and the Inspectors of Mines. 

Mr. Dunn said he was decidedly unfavourable to such a measure. If 
the Inspectors were competent for their business, they ought to do it 
without the interference of a Board. If they were incompetent, it might 
be a question how far a Minister of Mines was necessary. The Home 
Secretary was, in fact, a Minister of Mines at present, but if the Govern- 
ment thought proper, they might appoint another Minister specially to 
assist the Inspectors, who might thus be furnished with the legal opinions 
of a law officer of the Crown in difficult cases. On two or three occa- 
sions he had found it necessary to put questions to the Government 
with respect to prosecutions. The question goes through the Secretary 
of State, who lays it before the law officer of the Crown. If a Minister 
were appointed specially for Mines, he would be the medium through 
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whom all such communications would pass. After the publication of 
Mr. Cajlej*s report; a copy was sent down to each of the Inspectors^ 
who made their remarks upon it. 

The President — ^Then these remarks will be published I suppose ? 

Mr. DuxN— 'I don't know. 

The President — ^They ought to be. 

Mr. DuNI^— It was considered in the light of private information. 

Mr. Elliott-— Are the reports of the Inspectors sent to the GrOTem-* 
ment accessible to the public ? 

The President — ^Yes^ I presume they will all be published. 

Mr. Dunn — ^There are three unprinted, but^ I suppose the whole of 
them will be printed. 

The President — ^If it is requisite to have any medium or board be- 
tween the Inspectors and the Grovemment^ it ought certainly to consist 
of practical men, capable of judging upon what is brought before them« 

Mr. RoBSON — I perfectly agree with the President in that opinion. 
But, is it desirable to have such an intermediate person ? Is not the 
present system better than the one suggested ? 

Mr. Dunn— I believe the Inspectors are unanimously against any 
intermediate person being appointed. 

Mr. Elliott — It would be well if the gentiemen summoned to give 
evidence before the committee could meet in London, in order to discuss 
the various points that would be brought forward. 

The President, Mr. Dunn, and other members expressed their concur- 
rence in this opinion. 

The meeting then separated. 
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The minutes of the last General Meeting, and the Coimcil Meetings 
having been read, 

Mr. Geo. Johnson was elected an ordinary Member of the Society. 

The following minute of Coimcil was read :— 

**That as it appears to the Council, that Friday is an inconyenient 
day to hold the General Meetings of the Society, they recommend that, after 
the annual Meeting iu August, the Meetings be held on Thursday, and 
that it be submitted to the General Meeting that it is expedient to diminish 
the number of Meetings by Vacations at Christmas and Midsummer.'^ 

The President said, alluding to the above Coimcil Minute, that any 
alteration in the general rules of the Institute could only be made at the 
annual meeting, held at the close of the year, and, that for any proposed 
alterations to be made at such anniversary meeting, it was required that 
notice should be given at the general meeting previous ; the next meeting 
of the Institute to be held in August next, was the anniversary meeting, 
and therefore any notice of the kind referred to should be given at the 
present meeting. The only notice which he had to give was whether 
or not some other more convenient day of the week than Priday 
might be selected for holding their general monthly meetings. Thursday 
appeared to be a more convenient day than Friday, because on the former 
day, many parties were in Newcastle upon business, and could attend the 
Mitetiiig wittiQut th^ trouble and inconyemence of coming again on the 



Friday. An alteration of the day of meeting to Thursday would on thai 
account, besides others, be more convenient to many parties than that 
upon which the meetings were now held. There was another matter 
which required notice, and that was, whether or not it was desirable to 
diminish the number of monthly meetings by Vacations at dhristmas and 
Midsummer, as was the case in our universities and other learned and 
scientific bodies. The members would therefore consider those two pro- 
positions recommended by the Council, and come prepared to vote upon 
them at the anniversary Meeting next month. 

The President th^i read a paper upon Experiments he tid'd m^e 
with respect to Lamps. 

A niimbet of Lamps, most of which had been used in the coursf 
of experiments, were exhibited, and their various properties and differ* 
ences explained. Dr. Glover being present, the President observed 
that his Lamp having a single gauze at the top above the glass part, 
was in fact a Davy Lamp in that part and liable to the same defect 
as the Davy, allowing the flame to pop through the gauze. It Wa^ 
also shewn that all the Lamps that had glass uncovered with gauze, 
in testing them, had become broken or cracked. A Lamp was pro- 
duced by Mr. T. Y. Hall upion a different princdpfe from any other^ 
which he considered would yield a better light, and afford g^t^eal^ 
security than any other. As intimated at a former mi^eting, he hx^ 
prepared a description of the Lamp in writing, whidh "he gave iio ttte 
President. Mr. Hall having subsequently published a detailed deise^p^ 
tion of his Lamp, more fully than explained in the paper alluded to^ 
it becomes unnecessary to print this paper. 

The Meeting then Adjouriied. 
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The minutes of the last General Meeting and of the Council Meetings 
having been read, 

Messrs. Fereday Smith, C. Bartholomew, C. E., John Ramsay, John 
Dumolo, James Cope, James Morrison, William Thomas, John W. Day, 
Joseph Locke, M. P., and William Stenson^ were elected members of the 
Society. 

It was resolved, in accordance with the recommendation of the Coun« 
dl, that, in future, there be a vacation of one month at midsummer and 
oue month at Christmas, and that the General Meetings be held on Thurs- 
day instead of Friday, 

The report of the Finance Committee was read and approved. 
Res olvedy 

That a Committee be appointed to confer with the various parties 
representing Literary and Scientific Institutions in Newcastle, for the 
purpose of arranging for the accommodation of the society in suitable 
apartments; and also for the purpose of conferring with the Committee 
appointed, to consider the propriety of establishing a Mining School in 
the North of England, and that the Committee report the result of such 
enquiry to the Society. 

That the Society is greatly indebted and hereby acknowledges its obli- 
gations to the liiterary and Philosophical Society of Newcastle, for the 
gratuitous and handsome manner in which that Institution has accommo- 



dated the society with the use of its Lecture Boom during^ the past year; 
and that a Copy of the Transactions of the Society for the year be pre- ^ 
sented to the Literary and Philosophical Society, and also to the Natural 
History Society. 

Dr. (teoroe Fife, exhibited a Safety Lamp and said, my improved 
Safety Lamp consists in what I consider, a combination of the best parts 
of the Davy, Clanny, Stephenson, and Upton and Roberts' Lamps. Thus 
it has the gauze chimney, (double). The Glass of Clanny, protected by 
an outer Cylinder of Tale or Mica. The risk of fracture of the Glass 
being further diminished by the interposition of a Bing of Vulcanized 
India Rubber, between the Glass and the Hetal Frame, the effect of 
which is to coimteract any inequality of expansion between the metal and 
the glass, consequent on the heat. Air is admitted into the Lamp below 
the wick as well as by the chimney. This is done by means of numerous 
perforations immediately above the oil vessel, between which and the wick 
is an horizontal layer of gauze, (double) as in the Upton and Roberts' 
Lamp. By this arrangement, combustion is more perfect } no current of 
air or motion has the least effect on the flame, and should the gas ex- 
plode within the lamp, the flame cannot possibly pass the double gauze. 
From experiments made both in the laboratory and in the coal mine; this 
lamp may be truly termed a Safety Lamp, whilst the light which it gives 
is very superior to the Davy. When the gauze chinmey is single and the 
gauze heated, flame will pass; with the double gauze this does not 
happen, as even when the inner gauze is red hot, the outer remains at a 
comparatively low temperature. 

Mr. Mackworth then made some valuable remarks as to the lamps 
used in Belgium, and shewed an improvement which he had made upon 
the lamp, and promised to give to the society a more particular descrip- 
tion hereafter. 

The President— The double gauze of the chimney counteracts the 
effect of a current of air fanning the flame into a high temperature, and 
so causing it to pass the meshes ; with this exception, and with the 
addition of the tale around the glass. Dr. Fife's Lamp does not differ 
from the Clanny Lamp. In the experiments at Killingwortb, the flame 
did not pass the wires. 

Mr. Geo* Elliott — ^I have used the vulcanised india rubber rings for 
some years in Clannj's Lamp. 

Mr. T. Y. Hall exhibited his improved lamp, and explained some 
alterations he had made. As Mr. Hall has published a detailed account 
of his lamp, it is not necessary to give his description. 

Mr. Thos. John Tayloh read the conclusion of his paper entitled 



'^ Proofs of the Subsistence of the Fire-damp of Goal Mines in a state of 
high Tension in SittL, and practical conclnsions to be deduced from this 
circumstance." 

A donation of 21 folio volumes and one portfolio^ containing memo- 
randa relating to coal and to the coal trade^ and entitled '^ History of 
Coal and Mining," was made to the society by Mr. llios. John Taylor. 
Sesolved, 

That the thanks of the Society be given to Mr. Thomas John Taylor, 
for his valuable present. 

The President said, it only now remained for him to take a short 
retrospective view of their labours, duringthe first year of their existence, 
and of the present state and prospects of the society, and it gave him the 
greatest pleasure and satisfaction, that he was enabled to make so 
flattering a report. The profession had indeed nobly responded to the 
feeling which existed, not only amongst the coal owners in the district, but 
from the mining interest and the public generally ; that the time was 
arrived, when some more than usual efforts should be made to endeavour 
to prevent those dreadful calamities which had too often, and were still 
devastating the mining population of this district, and which were be- 
coming of awfiil frequency and magnitude in some of the other mining 
districts in the kingdom. They numbered amongst their members almost 
all the profession of mining engineers of this district, and likewise some 
of the most eminent and most extensively employed engineers in other 
districts ; the society now consisted of 120 members. They had likewise 
received the patronage of all, he might say, of the noblemen and gentle- 
men connected with the mining interests of the districts, and they had 
received the special support of the coal owners at a general meeting of 
that body, and the pecuniary assistance of most of the collieries in the 
counties of Northumberland and Durham. 

Composed of such a number of practical, sale, mining, and other engineers, 
bringing to bear upon the subject, the united experience of that district 
where coal mining had not only been most extensively practised, but 
where difficulties and dangers more abounded than in any other mining 
district in the kingdom, and supported by such a weight of influence, 
wealth, and commercial enterprise ; the least that can be said is, that 
they contain within their body, and the patronage they have met with, 
all the elements of success, and that it rests with themselves, whether 
they do, or do not carry out the benevolent and scientific objects of the 
establishment of the Institution. 

They must not, however, conceal from themselves, that in the same 
proportion as they have received support, in the ratio of the deep respon- 



flibilitf resoltiiig from the awfbl loss of life and deBinietioii <tf pnqpertf, 
by those too firequeiit deplorable cgi1aTnitie>s and in the great importanoe 
in a scientific, commercial, and practical engineering point of view, so 
are they called npon to exert themselyes — to put their shoulders to the 
wheel; and, responding to the support they have receiyed, and keqnng 
steadily before them, the beneyolent duties which they have undertaken 
and the scientific and practical objects which require at their hands, steady 
progression and complete developement, let them prove to their patrons 
and to the world, that they are not undeservmg the support and 
patronage which they have received. 

And, while they are applying themselves with energy, and with earnest- 
ness of purpose, to accomplish all the objects for which they have been 
established, and which are expected from them, let them bear in mind 
that they are every day raising themselves in the standard of perfection 
and usefulness in their profession — they are every day making themselves 
more fitted to undertake the arduous duties appertaining to their profes- 
sion, whether considered in a beneficient, scientific, or practical point of 
view. 

It is, however, very satisfactory to reflect, that, in the first year of 
their labours, they have shewn that they have not overlooked 
the deep responsibility which they have undertaken, they trust that their 
labours, as exhibited in their volume of their first year's publication, will 
be found not without its usefulness as a first step towards the accom- 
plishment of the objects of the Institution, and as an earnest of their 
desire to merit the patronage they have received. 

The subject of Ventilation naturally stood most prominent, and they 
have therefore occupied several of their meetings in receiving papers on 
that branch of their duties, and in discussing that subject. — ^Their labours 
up to this time on that head has been principally directed to the com- 
parative merits of Steam Jet and Furnace Ventilation, but the ventilation 
of coal mines is a wide and important field of research, and that which 
has been discussed and investigated, forms but a very small portion of 
the entire subject. The mode of working coal by long wall has only 
been incidentally approached; much yet requires to be done on this 
head: and we have had a very interesting paper on the tension of 
fire-damp in aitti; which well deserves perusal and considei*ation. 
These, together with the discussions which have taken place from time 
to time, form the substance of our labours for the first year, and which we 
trust may not be uninteresting to the general reader, as well as to those 
more immediately connected with mining. 

The President stated that he had, at the ojTening of the Institution, 



pointed out some of the subjects^ both theoretical and practical which 
might well, or which indeed it became the duty of the Institution to 
investigate ; they had only yet entered upon the threshold of those subjects, 
but the energy with which they had pursued those which they had 
already grappled with, gave earnest, that the remainder would be 
followed up with equal perseverence, until he trusted, they raised the society 
to that standard of usefulness which its constitution, its resources, and the 
opportunities which it possessed, was expected from it. 

In conclusion, the President said he had only to remind them that 
their prosperity depended entirely upon themselves, they had within their 
own body, and in the opportunities which the district afforded, as he had 
previously stated, all the glements of success. They had undertaken the 
responsibility, the eyes of the whole mining interests of the kingdom were 
upon them, looking to the result of their labours as the combined experience 
of the district — and bei^r in mind, of that district, above all others, where 
the profession have had the greatest opportunities of acquiring information 
and experience, and by which, they ought to possess the greatest amoimt 
of professional skill and perfection. Let them, therefore, be true to 
themselves, it only ret^uued their individual and collective exertion, and 
the objects of the Institution would be accomplished. 
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The meeting then proceeded to the Section of officers of the society 
for the ensoing year^ and the following gentlemen were elected : — 

NICHOLAS WOOD, Esq. 



Messrs. Edward Potter, 
WruoAM Anderson, 



Thomas John Taylor, 
RoBT. Stephenson, Esq. M.P. 



CouncfL 



Messrs. William Armstrong, 

George Elliott, 

j. a. longridge, 

P. S. Reid, 

William Barkus, Sen., 

G. C. Greenwell, 



John Taylor, 
Thomas Jobling, 
Charles Carr, 
Matthew Liddell, 
John Robson, 
James Easton. 



^xtMUxn. 
Mr. Edward F. Boyd. 

Mr. Edward Sinclair. 



The meeting then adjourned. 
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PROOFS 



OF THB 

SUBSISTENCE OF THE FIRE-DAMP 

OP 

COAL MINES, 

IN A STATE OF HIGH TENSION IN SITU. 



While pursuing the several investigations which have been made by 
others or by myself into the origin of explosions in Coal Mines, I have 
frequently experienced the conviction that we do not adequately appre- 
ciate all the conditions in sitfi of the inflammable gas which causes those 
explosions. Several reasons may be assigned for this want of sufficient 
extension in our views. 

In the first place, a part of the subject itself is comparatively new, or 
at least has arisen in the more modem periods of Mining ; for it is 
chiefly in deep mines that one of the forms of fire-damp, about to be 
considered, is developed ; it may be held, therefore, that we have esta- 
blished a generalization of a not unnatural, though certainly inconclu- 
sive chamcter, from observations made in localities where the number of 
facts is really insufficient for the purpose. 

It happens also, that even in those situations which are favourable for 
comprehensive observation, there is in the most of cases, as the work- 
ings progress onwards, a tolerably regular evolution of fire-damp, which 
is uniform enough in the daily rate of issue to deceive us into a belief 
of its constancy, and to indicate the employment of such remedial mea- 
.sures only as are adapted to the ordinary, and as it may be termed 
habitual, discharge of inflammable gas, without affording protection in 
the remarkable cases to which I shall afterwards request your attention' 

B 



What I wish to prove is^ that there are three disdnctiYe moded in 
which the fire-damp of mines issues ; modes as distinctive as the differ- 
ent consequences produced bj them are characteristic of each. 

Permitting ourselves to be led by analogy^ we have been accustot&ed 
to assume, that the case to be dealt with in mines is similar to ihit of 
dispersing the miasmata of an over-crowded town, or an ill-ventilated 
dwelling ; yet the analogy would only be c(»rect in the event of th6 fire- 
damp of mines being extricated, by a constant process, at a tension equal 
to, or in the smallest mechanical degree exceeding that of the atmosphere. 

If, on the contrary, it can be shewn that only the liberated gffts of 
mines is subjected to this law, while the really more dangerous fofms of 
issue are those of gas in a relatively high state of tension, then a fidd of 
research is opened, the investigation of which involves practical faults 
of the very first importance. 

By liberated gas^ constituting the first class of the three under consi- 
deration, is meant, that modified form of fir^amp, the issue of which is 
affected by variations in the pressure of the atmosphere, and which has, 
in fact, been brought into this state of equilibrium by its established and 
free communication with the external air. 

Fire-damp in this condition is fiuniliar to every one ; it is generally 
lodged in fissures of the roof; it also occupies the goaf spaces of a ttnne; 
and consists of gas abready extricated, upon which a rise or fall of the 
barometer produces its corresponding result, still leaving intact those 
peculiar conditions of the gas which it is the special object of this |mper 
to illustrate. 

In connection with barometric changes I may state that I have very dare- 
fully compared the dates of 69 cases of explosion, occasioning an aggre- 
gate loss of 1462 lives, and including all the severe ones which have 
happened in our district during the last half century, with the registered 
heights of the barometer, as recorded in the public instituticnis, or Is 
made by private observers of this neighbourhood, on the day of explosiotti 
and on the day before, and the day after : and on classifying the resulti^ 
I have found that 34 cases have happened during a fidling state of the 
barometer, and 35 when it was either steady or rising: and of the cases 
noted as falling there are 4 of which the fall did not exceed the g^th of an 
inch, and 18 in which it did not exceed loth of an inch. Only one great 
explosion has occurred when the barometer was below 29 inches, and 16 
have happened when it was above 30 inches. When these facts, together 
with the numiBrous occasions, during a period of 60 years, on which the 
barometer must have approached and reached the lowest limit of its 
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range, without the occurrence of explosion, are taken into consideration, 
it becomes sufficiently obvious, that the form of gaseous discharge 
which is dependent upon the variable pressure of the atmosphere, is not 
of practically difficult management.* 

The second mode of issue is the habitual one of our deep and fiery 
mines; it consists of the gas which is evolved in the ordinary course of 
working, or which, in other words, is in the act of passing into the state 
of liberated gas from another and highly efastic condition. 

This form of gas really subsists in Bit^ in a state of considerable ten- 
sion, though we are apt to be misled into a contrary belief, because the 
issue is, in the usual course, comparatively slow and gradual, owing to 
the difficulty of extrication through the structure of a coal bed. This 
part of the subject may be illustrated by an experiment of Professor 
Faraday's, who forced four atmospheres of various kinds of gas into a 
copper vessel of 100 cubical inches capacity, and attached a thermome- 
ter tube of 20 inches in length for the purpose of discharging the 
contents. Notwithstanding the small size of the receiver, and the short- 
ness of the capillary tube, above 2| hours were required to discharge the 
heaviest gas, and nearly an hour to discharge the lightest, down to 1;^ 
atmospheres, though the initial pressure was 60fi)s. to the square inch. 

Now let us apply this experiment to the extrication of fire-damp. 
From a firesh worked face in deep mines the gas is discharged by a suc- 
cession of little bursts or explosions, which throw off splinters of coal; 
this decrepitation is indicative at once of the force of the gas, and the 
^ellular structure of the fossil; of the power, and the resistance. The 
cells in question, and the natural lines of cleavage, constitute the means of 
drainage, the channels by which the gas permeates into the mine; and 
the emission is gradual, not because the gas is of feeble elasticity, but 
because the resistance is great in proportion to the tenuity of the pas. 
sages. The very fact indeed of the gas drainage taking place through 
what may be termed the capillary structure of a coal bed, is an evi- 
deuce of the vis k tergo, of the force by which it is propelled. 

Advancing another step in the investigation, we are next to consider 
the third and reallt/ dangerous form of issue. The drainage process just 
noticed is liable to be interrupted ; and it will not be necessary to describe 



* The Barometric observations are either those of the Kevcafitle Literary and Philo- 
sophical Institution made at an elevation of 121 ft. 3 in. above the sea, or of the l«ite 
Mr. Losh, at Jesmond, a somewhat hig>her level than the former. The list, though 
published elsewhere up to 1849, is placed in an appendix to this paper, of which it 
properly forms an illustration. 



the geological features of our coal field at all mmutelj witli a view t9 
shew what are the causes of interruption ; for those causes are fiuniliar, 
and constitute in a greater or less degree^ a portion of each working coal 
field. One of them is the occurrence of faults^ which; bj intersecting and 
dislocating the channeb of drainage^ act as dams to the transmission of 
both gas and water. Basaltic dykes have a similar effect ; and not only 
are these natural barriers obstructiYe to direct drainage, but they often 
serve as means of communication to new and distant districts along the 
line of theircourse. Here, then, gas is liable to be met with, wMok u 
not weakened hy previous drainage. 

The same result may occur upon a local change in the structure of s 
coal bed; and it may dso happen^ if the workings progress at a faster 
rate in point of time than that required for effective gas drainage, a curious 
topic of enquiry, whicb, as we shaU afterwards see, bears upon the nn- 
merical proportion of explosions in the various seasons of the year. 
Whenever one or other of these conditions obtains, the gas is no longer 
extricated by a gradual process ; but when reached by a working place, 
is discharged at once, and rushes into the mine with great violence. 

That issues of fire-damp do take place in mines with considerable force 
and Suddenness is very well known. Such issues have received a tech- 
nical name ; but we are apt to regard them as being of an isolated cha- 
racter, not adapted for generalisation. The object of this paper, how- 
ever, is to shew, that the highly elastic state in question is the normal 
one of the gas in those sittuitions where no means of escape, and of e(m- 
sequent decrease in tension^ have yet "been Ciffbrded to it : and that we do 
not find it constantly developed in this high pressure form, only because 
the very tension it possesses enables it, so long as the lines of drainage 
are uninterrupted, to force a passage through the semi-crystalline struc- 
ture of the coal, and thus to drain off the interior mag^azines, as we may 
term them, for want of a better word. 

It will be observed, in fact, that the seoond and third modes of issue 
are no more than modifications of each other. Both are results of a high 
state of gaseous tension, their variable forms of issue depending upon a 
difference in local circumstances. The same line of proof is therefore ap- 
plicable to both cases, the gist being to shew, that fire-damp really suV 
sists in, or is capable of assuming the great elasticity in question. 

In the course of Mining practice, a contingency sometimes occurs 
which throws much light upon the subject. I allude to that eruptiye 
issue of gas which constitutes what in our Mining language is called a 
^' Waterblast" a sudden and violent outburst of fire-damp from a 



drowned pit or staple^ with workings or other excavations to the rise of 
the shaft. 

The theory of a waterblast is very simple. K a. o. f. Fig. 1^ be a 
section of a pit and workings^ where a. c. is the shafts and c. f. a profile 
of workings made to the rise^ then supposing the mine to be drowned 
by some accident^ such as the overlaying of the pumping engine, or from 
whatever cause, and filled with water up to the line e. £, the com- 
pressed common air occupying the remaining rise space, and the water 
rising in the shaft up to the point a. ; supposing also the water to main- 
tain a constant level up to a ; then imder these circumstances the gas 
given out by the mine, must, in order to produce a waterblast, expand by 
its own elasticity, in f. e. c, until it displaces the water to the plane c. d. 

It is assumed in this particular case, for the purpose of simplifying the 
explanation, that the displaced water flows out at a, or that it is lifted 
out by some means of drainage employed, so as to be maintained at this 
level. 

After the confined gas thus expands to the water plane c. d., its ten- 
sion is manifestly measured by the height of water column a. c. in the 
shaft; since the common atmosphere on a balances the common atmos- 
phere shut up in the mine, and which has again expanded to its ordinary 
volume.* So soon, therefore, as the tension of the gas at all exceeds the 
pressure of the water column, an eruption takes place from c. The mode 
of discharge is variable. When the dry mine space is considerable, a 
continued issue will probably take place, but where relatively smaller, an 
intermittent form of discharge is most likely to ensue. 

A process of the nature described may obviously be regarded as an ex- 
periment on a great scale, in which the height of water column above the 
point of escape is a measure of the elasticity of the confined gas. I shall 
now, therefore, endeavour to reduce the matter to a greater certainty by 
describing a waterblast which took place at Percy Main Colliery, with 
the details of which I had an opportunity of becoming very well ac- 
quainted. 

The Bensham seam at Percy Main Colliery is 160 fathoms firom the 
day, and 40 fathoms below the High Main Seam. After the Bensham 



* In the waterblast of which a description immediately follows, the common air con- 
tained in the mine was almost entirelj drawn off by pipings, as will be noticed. In this 
case, therefore, the tendon of the gas was equal to the water column '•{•"h ^mosphere 
very nearly. It is clear that in no case can the common atmosphere confmed in the 
mine, contribute to the waterblast, since if even entirely included it can only exert* 
after re-ezpansion to c, a pressure equal to that of the external atmosphere on a. 
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woridngshad beenproaacuted in one direetion to the distance of 1034 yards ; 
in the opposite direction of 924 yards ; and in the tbird^ or rise direction 
to a mean distance of 650 yards; the mine was drowned by a large feeder 
of water met within the upper seam^ which overlaid the pumping engme 
power^and gradually filled up, first, the upper mine to the level of where 
the BenshamPit was sunk through it, and tiben flowing into the Bensham 
workings, also filled those workings, and finally rose up to a height of 42 
fitthoms 1 foot above the bottom of the Bensham Pit, being about 2 fa- 
thoms above the thill of the High Main seam. 

With a view to prevent a waterblast, the probability of which had 
been foreseen, a connected range of pipes was laid up to nearly the ex- 
treme riseof the Bensham workings, and carried up the shafk above the 
anticipated rise of the water, a small pump being attached at the shaft 
end. 

The pipes had the e£G3ct of discharging the common air confined in the 
mine as the water rose, but having become choked they did not perfimn 
the second part of their duty, which was to draw off the fire-damp gra- 
dually, when the water came to be lowered. In consequence of this 
stoppage, the tension of the fire-damp on the one side, and the pressore 
of the water colunm on the other, were put into direct competition; and 
the critical point arrived when the buoyancy of the one was just equal 
to the pressure of the other. This balanced condition took place when 
the water had been so &r taken out, that according, to a register of sound- 
ings, only 23 fathoms remained in the pit, from which a deduction must 
be made for the tail or back water extending into the mine, the more so 
because the means of discbarge at the lower end, was not, in this case 
the shsSt, but the fiunace drift. I shall allow for the tail water the depth 
actually found after the waterblast, namely 21 feet, which cannot differ at 
all materially firom the truth, though it may be something too great an 
allowance, because the vrater must have increased a little in the mine be- 
tween the occurrence of the water blast and the first observation made 
ailer it was over. Deducting therefore 3^ fathoms ftom the shafb depth 
23 fathoms, we have 19J fathoms of water for the measure of the tension 
of the gas, when it issued, or in other words when the waterblast todc 
place. The consequences of its escape at this high tension were that it 
rushed with extreme velocity to the surfiuse, tearing away part of the wood 
work of the pit in its passage, and causing to issue fix)m the pif s mouth 
an imm^l^ stream of gas. As the gas in escaping had. to make its way 
through the water column in the shaft, and thereby encountered consider- 
able resistance, it occupied many hours in dischargmg itself j after which 
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it was found that the water had fallen from 23 fathoms to 21 feet^ that 
is to the point already mentioned^ where there is a commmiiofttion with 
the mine by means of the fiimace drift. 

The tension^ thus measured by a oolumn of water 19} fathoms in 
height; is equal to very nearly 8^ atmospheres^ and adding the natural 
atmosj^re,* gives 4J atmospheres for the tension of th6 gas at the 
moment of issue. 

The magnitude of the scale on which this proof was exhibited pre- 
cludes misconception. 

The calculated mine space excavated was 5^984^450 cubic feet ; the 
quantity of water remaining in the mine after the eruption was estimated 
at 1^978,317 cubic feet; the difference of 4;006;13d cubic feet is the 
volume of compressed gas^ contained in the mine at the moment of erup- 
tion ; multiplying this by 4} we have 18;027;598 cubic feet for the quan- 
tity of gas of the ordinary atmospheric tension produced during the 
barring up of the mine ; but this quantity^ properly speaking, requires 
to be abated; for the common air left in the mine; by 1;196;890 cubic 
feet; and thus corrected it becomes 16;830;708 cubic feet 

Deducting lastly from the corrected result; the quantity left in the 
mine after the eruption; namely; 4;006;133 cubic feet; we have 12;824;575 
cubic feet of gas of the common tension; for the amount of discharge 
during the waterblast. 

It will be observed that there is no necessity to have recourse to theory 
in investigating this subject. The fact is before us that fire-damp con- 
tinued to issue under a pressure of at least 4 atmospheres; and we are 
not to ascribe this result to any local action or quasi incidental accumu- 
lation; on the contrary a large space of workings; upwards of a mile in 
length; by 600 yards in width; was occupied with the compressed gas ; 
plainly leading to the conclusion that in those mines where the fire-damp 
has no means of escape by spcntaneow drainoffe, its Tiarmal eondUAon is 
that of a high state of tension. 

A question arises as to why the elasticity of the confined gas was 
between 4 and 5 atmospheres; and not more or less ? I apprehend that 
this tension is in the particular casC; to be regarded as a minimum ; for 
in so large a mine spacC; where some pillars had also been removed; 
means of escape might be created for the gaS; which did not exist pre- 
viously to the opening of the mine. It is not improbable even that a 
portion of it penetrated the interposed water barrier; because aeriform 

• See Note (Page 7). 
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bodies easily find their way by absorption into that fluids especially under 
presstire. 

These circumstances^ rather than a want of sufficient tension in the 
gas, may assist, in the present state of our information at least, to explain 
why a waterblast did not take place when there was a considerably 
greater depth of water in the shaft than that under which the eruption 
actually occurred. 

Being desirous, as already stated, to avoid theory in this, enquiry, I 
refrain from speculating upon a possible condition of the gases of mines, 
similar to that realised in the well known experiments of Professor Fara- 
day ; yet eyen on a practical view of the subject, we are at a loss to assign 
room and space enough for the large volume of gas evolved from our 
mines, except by assnming a highly condensed form in sitii. 

The opportunity is not often afforded of determining the quantity thus 
issuing from a given mine space; but one marked instance may be 
quoted. I allude to the piped gas at the C. pit, Wallsend Colliery, which 
has been evolved from a barred up district of about 60 acres in the Ben- 
sham seam for a period of something above 19 years. No particular 
lines of dikes or fissures intersect this district, so as to occasion an extra- 
local discharge ; the pillars have been partially removed in it, but they 
have also been removed in various other parts of the royalty ; so that the 
50 acre tract, the inclosure of which enables us to measure the gas issu- 
ing from it, is not, so far as can be judged, likely to yield more fire- 
damp than those remaining portions of the same field, where the supply 
of inflammable gas passes off imperceptibly by admixture with the at- 
mospheric current. 

The original quantity of gas issuing from the tract described, through 
a 4-inch pipe to the surface, was 95 cubic feet per minute, according to 
the statement of the late Mr. Buddie ; afterwards it fell to 70 cubic feet, 
and at the present time is about 34 cubic feet per minute, though, as it 
is no longer found necessary to keep the stoppings quite tight, some leak* 
age through them takes place underground. Taking, however, an 
average dischargia of 66 cubic feet per minute, which is the mean of the 
three observations, then the mean annual quantity evolved has been 34} 
millions of cubic feet, equal to the solid content of a coal bed, 5 feet 
thick, and 160 acres in extent, so that in 19 years the capacity of 19 such 
coal beds has been drained off; or which is the same thing the agg^gate 
volume which has issued, is equal to the content of one bed 5 feet thick 
and 3,040 acres in extent. Where, it may be asked, does this immense 
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volume of gas find stowage^ unless we assume that it subsists in the mine 
in a highly condensed or compacted state^ significant of its great inher- 
ent elasticity? 

Other waterblasts might be cited^ leading to the same conclusion as 
that above related ; but they are rarely of so great a magnitude as the 
one I have described^ and it being also evident that one sound result is of 
greater value than several others in which the observations have not been 
so carefully and minutely made^ I shall now proceed to a different class 
of proofs. 

The boring process adopted by Hr. James Easton, at Hebbum Col- 
liery^ for the purpose of draining off the fire-damp in a manageable shape^ 
has furnished instances^ one of which is deserving of particular notice, 
because it was tested experimentally. 

In the first North Eastern district of the Colliery a boring was put 
down in new ground to the usu^U depth of 22 feet, where there is a thin 
seam of coaL A great discharge of gas ensued : the upper part of the 
borehole was then widened to admit a 3-inch pipe fitted with a safety 
valve on the top, capable of being loaded up to 560). to the square-inch. 
The pipe was inserted and wedged, and when the gas pressure was laid 
on, the valve presently blew off at 30%. pressure to the square-inch; it 
continued to blow off up to 40%. to the square-inch, at which point the 
thill was forced up by the pressure, and this circumstance, of course, put 
a period to the experiment. 

It will be observed, that neither of the experiments related determines 
the maximum limit of the gaseous tension : nor is it requisite to fix that 
limit, because it will be, it is conceived, admitted that the proofs cited are 
sufficient to make good the position we are desirous to establish ; while 
cases of higher tension would only serve, a fortiori, to strengthen and 
confirm that position. 

We are next to shew that sudden issues of gas do take place in mines 
under circumstances indicating a high state of tension. 

A very clear case occurred in the Pespool driflbs, Haswell Colliery. 
The quantity of air passing through these drifts was 9,760 cubic feet per 
minute, as ascertained a few days previously : the sectional area of the 
back drift was 37 square feet, and the velocity of the air current was 
therefore 4*39 feet per second. Safety Lamps were used in the &ce — 
while the hewer was at work in the back drift he heard a loud noise, and 
immediately retreated to the face stenting, where a sound continued to be 
heard like that of falling water, occasioned by the rushing out of the gas 
at the face. The air current which circulated in these drifts having, as 

c 
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the phrase is, '' nothing to do," was employed^ after passing through 
them, in ventilating a district further outbje, where the men worked with 
candles. The deputy of the way immediately ran to warn these men to 
extinguish their lights ; he then returned^ and went through a door lead- 
ing to the back drift, 310 yards from the bee, where^ with his safety 
lamp^ he found the air-oonrse fouL 

With much judgment he kept dus door open ; and as the greatest por- 
tion of the air current then passed by the shortest run^ the progress of 
the mass of fiery atmosphere was not only thus nearly stopped, but the 
cuirent passing through the door mixed with, and diluted it (the source 
being now exhausted), below the firing point. In less than half an hour 
not a trace of gas was to be found either in the &ce of the drift or in the 
district. 

In this case the mass of inflammable atmosphere produced by the 
eruption of gas was, at least 85,000 cubic feet, or about 1,300 cubic 
yards, being the content of the space of drift extending from the hoe to 
the point where the return was examined by the deputy ; a quantitythat 
may well be deemed ample enough to account for the heaviest pit ex- 
plosions which have occurred in the North of England. 

The volume of gas yielded may be approximated to by assuming that 
a certain portion of the above 35,000 cubic feet consisted of it, supposing 
the least proportion constituting an explosive mixture to be 1 in 12, this 
would give nearly 3,000 cubic feet of gas; it is probable I think that a 
larger proportion, perhaps 4,000 cubic feet, consisted of the gas } at all 
events 3,000 cubic feet at the ordinary atmospheric pressure may be re- 
garded as the minimum amount of discharge. 

The air current fouled by the discharge moved at the rate of nearly 
4i feet per second through an aperture of 37 square &et. This rate of 
current is then, quite inadequate to safety. And here we may ask whac 
is meant by a good ventilation ? Is one of 4^ feet per second and con- 
sittting of air fresh from the day, as in this case* not to be considered 
good? 

It must be confessed that we are unable to realize any definitive idea; 
of the proper rate of current, from the statements of those, who have in- 
terested themselves in the matter. 

Loose notions of more shafts and more air are put forth ; but no stan- 
dard of security is agreed upon. Let us suppose however, that 3 times 
the quantity of air had been in circulation in this district, which it must 
be explained was one of eleven districts. 

We should then have in round numbers, 30,000 cubic feet of air in a 
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minute passing along the drift with a velocity of about 13 feet per second. 
Now supposing the issue to haye been made in a minute (and I shall 
quote further on an instance in which the discharge must have occupied 
only a few seconds) it is evident that the quantity of air just mentioned 
would not have been capable of diluting the gas ; though it might be 
very efficacious in making the mixture more explosive than a lesser quan- 
tity of air would have done ; and in the Haswell case it would certainly 
have caused an explosion, by bringing the gaseous atmosphere into con- 
tact with naked lights before the deputy had time to check its career. 
But this part of the enquiry does not stop here, other portions of the mine 
are entitled to^have their proportionate increase as well as the district 
immediately under consideration, and consequently the general, and not 
merely the local quantity of air, must be increased. Now the additional 
power required to cause an increased velocity from 4*39 to 18, is, all other 
circimiistances being alike, as the squares of those numbers, that is as 19 
to 169 or as 1 to 9. 

But the most unsatis&ctory part of the afikir is, that, with all this 
increase, we should still be unsafe : and I am really at a loss, or more 
properly speaking it would appear absurd, to propose a standard of ven- 
tilation which, under the circumstances we are describing, would not still 
leave us in a state of insecurity. 

There were three small troubles in advance of this back drift, where 
the blower was met with, as shewn in fig. 4. Yet the fore drift had al- 
ready passed through the same faults, without falling in with the blower ; 
so uncertain may be the discharge as regards locality, and so difficult is 
it to anticipate the effect of a system of drainage, unless carried out in 
a very minute degree. After passing through the faults in the fore drift 
without any thing particular occurring, a violent issue of gas is yet met 
with from the same faults, and in the parallel drift only 12 yards distant. 
We may thus perceive the inefficiency of the methods of tapping the 
gas, proposed by Hyan and others, and are enabled to appreciate the in- 
adequacy of a system of drainage by boring at intervals. Similar re- 
marks apply to those methods of working, the supposed security of which 
depends upon the principle that subcarburotted hydrogen rises naturally 
to a higher level. It is not meant to be asserted that such methods are 
without benefit : on the contrary, each possesses a certain merit of its 
own J but the objection is, that separately or collectively, they are far 
from constituting a complete remedy; and by creating a &lse confidence 
they are even calculated to produce evils of the most mischievous character. 
No trace of fire-damp remained after the great irruption which has 
been described : in less than half an hour the face was quite clean. Sup- 



14 

posix^ that an explosion had taken place, inTolying the destniction of the 
persons who witnessed the issue, a sahsequent examination would have 
led to no satis&ctory result^ as to the origin of the gas, which occasioned 
the explosion. The face of the back drift might have been' suspected ; 
but a cavity was not visible here; only a mass of disintegrated coal , 
which on such examination would be found not to yield gas; and so the 
origin of the catastrophe would have remained enveloped in that mys- 
tery which is so common, and we may almost add habitual, an attendant 
on great pit explosions. As another cause of confusion, we may add that 
explosion, had it occurred, would have taken place, not in the drift where 
the blower issued (and which was protected by Safety Lamps), but in the 
workings ventilated further on, as above mentioned, by the same air cur- 
rent : so that the travel of the fire would have appeared on examination, 
as leading towards the real source of the disaster instead of away from 
it. Those who from curiosity or some other motive have followed the 
traces of a fire, will easily perceive how a circumstance like this bears 
upon the anomalous and perplexing appearances so often presented after 
explosion. 

The next instance I shall mention occurred in the Low Main Seam, 
Walker Colliery, near the Jane Pit Shaft; when approaching the '^ This- 
tle Pit Dyke," a block of coal, together with the disintegrated coal lying 
next the trouble, weighing in all about eleven tons, was displaced in a 
violent manner while the hewers were at work. A very great discharge 
of fire-damp ensued, which fouled the whole of the workings in that di$- 
trict. The content of drift ways, in which men were working and over 
which it was certain that the foulness extended was 41,681 cubic feet* 

On the first issue of the gas, the Davy Lamp nearest the point of dis- 
charge was extinguished by it; the lamps of the other men were put oat 
by them as soon as possible. 

After the lapse of 15 minutes the mine was again free from fire-damp. 
The current of air circidating in that part of the mine was 10,483 cubic 
feet per minute, moving at the rate of 6*24 feet per second in an area of 
28 feet. 

Another violent discharge of inflanmiable gas took place at the same 
slip dyke, a short distance to the Northward. On approaching it a bore 
was kept in advance as a precaution ag^ainst a similar eruption. 

The drift had advanced within 3 yards of the trouble ; the bore was 
through the slip, and had penetrated a short distance into the coal on the 
rise or west side of the trouble without any discharge of gas. The Jjace 

* The mine was probably fouled to a eonaiderable distance further, but there were no 
means of observation beyond the limits given. 
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was then driven up to the trouble and a portion of coal hewn out of the 
rise side; the position of the 'seam having been thus ascertained^ the 
workmen were set on to take down the roof^ with the view of earrjring 
up the tram road. Whilst doing this^ a quantity of danty or disinte- 
grated coal fell from the slip of the trouble^ (although the bore had 
passed close beneath it/) and a great discharge of fire-damp ensued. 

The extent of workings in which men were employed, and over which 
the foulness extended, was 641 yards in length, with a capacity of 
86,306 cubic feet. 

Davy Lamps were in use over the whole of this space ; and a Deputy 
and some workmen who were near the extreme point of the workings, 
had the wire gauga» of their lamps at a red heat for at least 10 minutes ; 
as in the former case there is no doubt that the extent fouled comprised 
a considerably greater mine space than was observed to be inflammable. 

The Jarrow example is equally forcible. In it we find the Overman 
congratulating the Hewers in the drifts where the gas came o£r, on the 
good state of the ventilation, and the freedom of their places firom fire- 
damp, only half an hour before the explosion took place, and when the 
explosion did occur, the Viewer and Under-Viewer suspected it least of 
all, to have happened in that district, which was at the time remarkably 
free from fire^damp.\ 

Mr. Buddie has yery fully described this explosion in the Transactions 
of the Natural History Society of Newcastle, Vol. I., p. 184, where a 
drawing is given of the block of coal forced out by the issuing gas. I 
examined the district of explosion two days after its occurrence, when 
the ventilation was very imperfectly restored, and yet no fire-damp was 
to be found in any part of it. 

The space through which the fire of this explosion extended was about 
3,300 cubic yards, and if we allow an expansion oi about 8 or 4 for 1 by 
the heat of the explosion we shall have the original volume reduced to 
900 cubic yards ; it cannot, of course, be stated what might be the pro- 
portion of fire-damp contained in this mass ; but loth would give 90 cubic 
yards, or about 2,400 cubic feet. I do not doubt that the quantity of 
gas which caused the explosion was inferior to that of the Haswell issue 
already noticed. 

I may here remar^ that, though for obvious reasons, only a vague 

* See the observatioos in Page 13. 

t Wearehereremiiidedof a matter of praotiical observation, that in mines yieldii^ 
fir«-damp, its constant and imifonnimte of discharge is considered a &vonrable symptom, 
becanse, in ftot, such a form of iisae indicates ah uninterrupted district in advance of 
the workings. 
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notion can be formed of the rolame of gsa^ which causes explosion^ yet 
an examination of the district enables us to form some idea^ and perhaps 
we may even say, approximation^ to the quantity. 

Our researches into this part of the subject must be guided by tbe 
traces and travel ot the fire^ and not by the extent of mine occupied by 
after-damp^ which is diffused much beyond the limits of explosion. In 
point of fact, the volume of the after-damp is 9 times greater than that 
of explosive gas, when the latter is mixed with air in such a proportion 
as to leave no unconsumed residue.* 

As a general result; which must, however, be taken with the qualifi- 
cations mentioned, I may state, that such of the heaw/ pit explosions of 
the North of England as I have had the opportunity of investigating, 
have appeared to me to be occasioned by quantities of from 2,000 to 4,000 
cubic feet of gas; that is to say, by such quantities as we know by expe- 
rience are dUcharged from a single working place, without warning, tnjo 
minute or two, or a still shorter space of time. 

In the foregoing details we are furnished with direct proofs of the 
high tension of the fire-damp of mines, not only by the observed violence 
of its discharge in the cases cited, but also by examples in which the gas 
has been subjected to actual experiment. 

We have also contemplated another form of fire-damp, where the gas 
is in a state of equilibrium with the atmosphere. To these a third may 
be added, being that of mines which yield no fire-damp. 

The distinction between the several cases will be found to reside chiefly 
in locality. 



*It will be observed that the volame ofjire-dampy not that of oi fiery atmospherefis 
here intended. If the fire* damp constitute 1 part in 11 of the admixture, then the 
followiufir cure the conditions ; — 
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The above proportions are taken became they are soch as work out without leaving 
a remainder of unconsumed fire-damp. 

The after-damp is 9 times the volume of the fire damp which produced it, and con- 
sists of 8-9ths nitrogen and l-9th carbonic add gas. 

The carbonic acid produced is just equal to the volume of fire-damp consumed. 

The watery vapour produced is equal to twice the volume of fire-damp consumed. 



17 

Certain seams of coal, at moderate depths from the surface^ have lost 
their fire-damp by spontaneous drainage ; in other words, by its escape 
to the day ; it is replaced in those beds by water and carbonic acid gas, 
which occupy the same fissures or communications that allowed the in- 
flammable gas to escape. 

In the second case, the fire-damp has also continued to escape so long 
as its tension much exceeded that of the atmosphere ; and what remains 
is of relatively feeble expansive power. Here is situated the region of 
liberated gas, the study of which has betrayed us into an inadequate ge- 
neralisation of the whole subject. 

We have the fire-damp of great tension in the next gradation. So 
long as this highly elastic gas is eliminated gradually, and by what may 
be termed a capillary issue, as described in page 5, it is quite manage- 
able. We have, however, seen that even under these cir<;umstances a gra- 
dual and continued issue takes place, until the tension becomes very high, 
provided the gass issue into a confined receiver. And it evidently does 
not matter, in principle, whether such receiver be the artificial space of a 
mine barred up by water, or the natural reservoirs of that mine, which 
are excluded from the open atmosphere. 

It does not follow that every such reservoir will yield, on being reached, 
a stock of high pressure gas ; on the contrary the gas may be, and as a 
general rule is, forced by that very pressure through the cellular sub- 
stance and cleavage lines of the coal as the workings approach it ; and 
when the reservoir is reached, there may in this case, be little or no gas 
yielded. 

It is thus that an explanation is fiimished of a circumstance before ad* 
verted to, namely, that assuming a state of great tension to be the one 
in which the gas of deep mines naturally exists in sitii, its issue in that 
condition ought to be a more common occurrence than it really is. But 
on reflection, it will be perceived that the tension in question is really the 
cause of the habitual emission of the gas, before it is reached by the 
working places, whenever the texture of the intervening mass is pervious 
enough to permit that emission ; for example, if a pair of drifts approach 
a hitch, H. fig. 2nd, where a cavity exists containing high pressure gas, 
it does not follow that this " bag " will be found, when reached, to retain 
its original tension. On the contrary, throughout the space a. the gas 
may have the opportunity of slow discharge, by permeating through the 
cleavage of the coal. But if tlie space A. be sufSciently compact to re- 
tain the gas ; or if only a single pair of drifts and not a broad face of 
workings be carried forward into a whole district, (for a good deal may 
depend upon the surface of drainage exposed,) or, if a fault, as in fig. 3, 
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occur, dislocating the line of drainage ; then the contingencies arise in 
which issues of gas in a high state of tension will be met with, issues 
that may take place from the coal seam, which is being worked, or from 
its roof or thill, or even from another seam not yet opened out, and situ- 
ated above or below the one into which the irruption is made. The pro- 
bable remark that sudden and violent issues of fire-damp are not habitual, 
is thus, it is conceived, fiilly met. If it be stated, that such issues are 
not of constant occurrence, neither, it might at once be answered^ are 
heavy pit explosions. At the same time we must especially guard 
against the assumption that the causes of the explosions in question are 
of a partial or peculiair character : on the contrary, they are connected, 
as already described, with a class of phenomena numerous enough to 
constitute a part of our ordinary mining operations : and further than 
this, they may even be dependent, as we shall see, upon the rate at which 
the excavations progress, independently of those phenomena. 

A particidar circumstance here arises for notice : while we meet with 
many known examples, proving the subsistence of fire-damp in a high 
state of tension, there are, it must be inferred, numerous other cases in 
which, explosion having followed the discharge, we are left without a 
living witness of the actual occurrence. 

This painful and remarkable peculiarity should make us attach the 
greater value and authority to the examples that come to our knowledge, 
since in the great majority of cases, the evidence has been, as a eonse" 
quence of the issue, destroyed. 

It is seldom that so decided a due is left as in the case of the Jarrow 
block of coal in 1830, or in that of the Washington explosion of Novem- 
ber, 1828, when an eruption of gas broke down the roof of the air-board 
behind the workmen. 

On the contrary, owing to the confusion and wreck caused by explo- 
sion, it is not surprising, i^ in the generality of cases, we are unable to 
discover a point of issue. 

Neither may any fire-damp remain to denote the place of discharge. 
As gas in a high state of tension equalizes itself at once with the 
pressure of the atmosphere when the communication is rendered suffi- 
ciently free, no trace of the discharge that caused the mischief is even 
likely to be met with after those explosions which are caused by gas of 
high tension* 

On similar grounds may be explained the great, and otherwise hardly 
credible, obscurity that so often hangs over these accidents. There is a 
remarkable uniformity in the character of the evidence concerning them. 
Frequently the last persons who were in the district of explosion declare, 
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that every thing was rights that the yentilating current was good^ and 
the mine free from fire-damp ; and this kind of testimony, which has, 
not seldom^ been brought down to within less than half an hour of the 
time of explosion, may be quite correct, yet by no means conclusive of 
the supposed safety, but on the contrary the reverse, as in the Jarrow 
case, when the accident was preceded by a diminution in the ordmary 
issue of fire-dampy upon the principle already explained. 

Then again, after the catastrophe has occurred, and the cause of it is 
to be sought into, we may be as much at a loss as before. The issue of 
fire-damp may, as just noticed, have entirely ceased; but some reason is 
to be assigned for the accident, and it will, I apprehend, be admitted, 
that the one suggested is often quite inadequate; as if it were really 
framed rather because a reason of some kind must be given, than for the 
purpose of explaining the actual circumstances : yet those circumstances 
become sufEciently clear when referred to the form of issue contended 
for. 

It has been already stated that some curious results are elicited by ar- 
ranging pit explosions according to the seasons of the year, in which 
they have happened. 

In the following table the various pit explosions of Northumberland 
and Durham, are arranged according to the months of their occurrence. 
The first column contains the explosions of which I have an account, 
that have happened since the year 1743, Their number is 126. The 
second column contains those which have happened since the year 1800, 
in number 93 : — 



MONTHS. 



List pbom 
1743. 



List from 
1800. 



January 

February ••••.••,.., 

March 

April 

May 

June 

July 

August 

September 

October 

November. 

December. 

D 



4 

3 

7 

11 

7 

15 

9 

11 

10 

16 

15 

18 



3 
1 
6 
6 
5 

10 
9 
7 

10 
13 
18 
11 
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This account^ in common with the others we possess^ is very defective, 
and far short of the number of explosions which have actually occurred. 
It is for this reason that I have broken the list into two periods^ with 
a view to test one by the other. It may be held fair also to assume^ that 
the omitted cases^ being subject to the same producing causes^ would pre- 
sent proportions not very dissimilar from those given. Dividing the year 
into periods of 3 months^ and raising the lesser number of cases up to the 
higher, we obtain the following comparison — 

Distribution according^ to 
1st Column. 2nd Column. 

January, February, March 14 13 

April, May, June 33 29 

July, August, September 30 35 

October, November, December 49 49 

126 126 

In periods of 4 months they are as follows : — 

January, February, March, April 25 21 

May, June, July, August 42 42 

September, October, November, December, 59 63 

126 126 



The last result is curious, being in a regularly increasing proportion, 
thus: — 

For the first 4, months of the year the number of ^ ^ 

explosions is, as ) 

For the next 4 months it is, as 2 

And for the last 4 months, as 3* 

The explanation of these results is, in my mind, very simple, being 
referable to a commercial feature in the trade. The collieries of North- 
umberland and Durham are worked as well for home consumption, as for 
the supply of markets, the communication with which depends upon a 
distant, and often precanous navigation. 

It has, therefore, been usual for their customers to lay in winter stocks; 
and these stocks being on hand dimng the first months of the year, the 
demand is then short ; and the rate at which the mine excavations pr(h 
gress proportumally slow, 

* There is a disturbance of the order about the month of June, which is, however, 
still more corroborative of the views taken in the text. 
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Tlie winter stocks being exhausted, the demand during the next four 
months is brisker, though not so great as it is afterwards : here then we 
have the medium rate of excavation, and also of explosion. 

During the last four months, besides the increasing demand of the 
colder season, the winter stocks are to be laid in ; and so we have the 
most rapid rate of excavation, and the greatest number of explosions. 
The foregoing comparison of seasonal periods and explosions is sufficiently 
curious of itself in many respects : but my chief object in inserting it 
here, is to shew the consistency of matters of fact and observation with 
the positions taken up in this paper; it being evident, that during the 
latter part of the year, the works progress too rapidly to allow time for 
the safe drainage of the internal reservoirs, while at the commencement 
of the year, the contrary is the fact — ^the results are shewn in the relative 
number of explosions occurring at each period. 

On examining a list of the heavy explosions which have occurred in 
our district during the last 25 years, we find that in 16 cases out of 18, 
these explosions have happened in the whole miney that is, in the districts 
where pillar working had not commenced, for in the whole mine, erro- 
neously considered the safest, naked lights have been, as a rede, made use 
of, while in the pillar workings, where the ventilation is nece ssarily less 
effective. Safety Lamps are employed. The result is that no explosion 
whatever can be proved, and scarcely one can even be suspected to have 
taken place in the pillar districts, when Safety Lamps were used in those 
districts. 

It is scarcely necessary to remark upon the corroboration of the prin- 
ciples explained in this paper, thus furnished by the ascertained locality 
of explosions, for though fire-damp is abundant enough in the pillar dis- 
tricts, yet it is evidently at the first working in the whole or virgin mine, 
that gas of high tension is most likely to be met with ] and accordingly 
it is in the whole mine, and by the contact of nahed lights, used there 
under a mistaken sense of security, that great explosions occur. 

It may hardly be necessary here to explain that all explosions are not 
attributed to direct issues of gas of great tension : on the contrary, it is 
self evident that a too feeble ventilation, with a gradual extrication of 
gas, will produce an inflammable atmosphere ; but it is contended, and 
I must submit demonstrated, that this latter type is the one upon which 
our attention is too exclusively fixed ; and that the remedies devised are 
consequently far from being sufficiently comprehensive to meet the entire 
case. Further, it does not follow that gas possessing a tension of several 
atmospheres enters the mine in this state; for it may issue, as we have 
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seen^ either in this condition or at an inferiw gpradalion of presBare, so 
that great periodical issues of gas ma j take pboe without possessing the 
marked emptiye character, though eyolving an extra quantity sufficient 
to render them highly dangerous. 

I must here observe, that no portion of this memoir is intended to dis- 
parage improyements in mine ventilalion. On die oontrarj, the most 
efficient practical development of a ventilating system is held to be ne* 
cessary, not only in fiery mines, but in those yielding incombustible gases, 
perhaps equally wasteful of human life. One of the results of the line 
of argument adopted in this paper is to shew that a superior ventilatioD 
is required to dilute and remove the ordinary issues of fire-damp ; but 
what is also contended for is, that we must not attempt to carry ventila- 
tion beyond its legitimate object, the real question b^g whether we are 
justified in encountering, an enemy of so powerful, and yet so insidious a 
nature, as the one we have described, without some protection beyond 
that of a good ventilation; and the &ct8 and arguments adduced in this 
paper manifestly point to the conclusion that we do require such addi- 
tional protection, and that to rely solely upon ventilation, is in reality 
though a not imnatural, yet a dangerous and &tal error. There is no 
escape firom this practical inference, which is a direct c(m>llary from ths 
ascertained fact of the subsistence of fire-damp in sdtd, in a highly ex- 
pansive state. 

Our mines are ventilated by a power, which, in favourable cases, is re- 
presented by a column of water of 3 to 5 inches in height, say 4 indies 
as an average. Let us suppose then, that a ^^ bag" of gas possesses the 
proved tension of 8 atmospheres above the common atmosphere, then 
those three atmospheres are measured by 1,230 inches of water, being 
more than 300 times the pow^ of the ventilating column. By what 
name shall we designate the mistaken confidence which thus puts into 
competition agents so hopelessly unequal ? 

But assuming that by a more successful application we are able to 
increase the ventilating powers in the ratio of 4 to 1, we shall still have 
1 to 76 against safety ; and if these powers were augmmited as 10 to 1, 
the ventilating agency would still be inefficient compared to this cause of 
explosion, in the proportion of 1 to 30, even on the datum assumed, which 
as regards the tension of the gas in some of its states, is doubtless &r 
short of its maximum. 

What other means of protection then are we to make use of in dealing 
with this gas, of high tension? At present, our security against the 
consequences of its issue, is obviously destined to rest on the universal 
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employment of the Safety Lamp in our fiery mines* This instrument poe- 
sesses the advantage of being at hand, and not to be sought for, or in- 
vented. Are we not then bound to employ the means of safeguard we 
actually possess, without waiting for those yet to be discovered, and per* 
haps it might be added, without blundering, or seeing others blunder on, 
in a wrong direction ; our own opinions being in ti:ie meantime treated 
with something very like contempt, for this obvious reason, that the de- 
struction of life which occurs year after year, is regarded as a sure indi- 
cation that we ourselves do not rightly understand the subject? 

Under the actual system of working by bord and wall; and the subse- 
quent removal of pillars, the largest proportion of coal of deep mines, 
must perforce be worked with Safety Lamps, and it will be found on 
making the calculation, that a much smaller proportion than might be 
supposed of the produce of a fiery mine is obtained with naked lights. 
I have ascertained by admeasurement on the Haswell Ck)lliery Plan that 
something more than five-sixths of the entire coal remain after the first 
working, all of which will have, now or hereafter, to be removed with 
Safety Lamps. It is true that in the earlier periods of working a col- 
lieiy, the proportioa attained from the whole miue is, for au obvious rea- 
SOU; considerable, and at such periods a change firom one mode of lighting 
to another would be appreciable in a corresponding degree, but the ex- 
traction must be viewed with reference to its entire amount firom first to 
last, and under this aspect it is easily shewn that in deep and fiery mines 
not more than a fifth or a smaller proportion of the aggregate produce is 
worked with naked lights. 

By the Safety Lamp, I mean, either the common Davy Lamp, or some 
other lamp equally safe. I say equally safe, because I am contented to 
multiply together the number of days in 37 years of actual trial, in the 
North of England, by the number of thousands of lamps which have 
been in daily use during that period, without any well authenticated ex- 
ample of explosion happening, from the employment of the Bavy, and to 
accept the result, as a sufficient testimony of its practical security. 

It is of course foreign to the object of this memoir, to discuss the re* 
lative merits of various Safety Lamps. I shall only pause here, there- 
fore, to notice an idea, which appears to have obtained possession of the 
public mind — ^that the accidents from explosions in mines have not only 
increased since the invention of the Davy Lamp, but that a reliance on 
the Davy Lamp is a main cause of these accidents. The fallacy of this 
notion is manifest from the fact, that so far firom our pit explosions having 
occurred from the use of the Davy, they have really happened where 
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naked lights were employed, in other words, they have occurred because 
the Safety Lamp was not used ; so imperfect is the information, and so 
strange are the prejudices connected with this subject. 

I may remark, that some years ago, I had occasion to make a cal- 
culation, along with a gentleman eminent in the trade, of the cost of 
lighting a pit of 180 hewers, with Safety Lamps from the pit's bottom ; 
and the result was, that the expense of lighting the mine with Davy 
Lamps in every part, was less, on the aggregate, than that of the mixed 
method of Oil Lamps, Candles, and Safety Lamps, in actual operation. 
The distribution of the cost would, however, be different from the present 
one, if the same system were followed as that now in use for providing 
Safety Lamps in the broken. 

A leading practical objection, which is urged against the employment 
of the Safety Lamp is, that its use is inconsistent with that of gunpow- 
der for blasting the coal. Admitting that it would be preferable for 
naked flame to be altogether excluded, it is yet evident, that the chances 
of accident from the source in question are not great, and that they might 
be jftirther reduced by proper regulation. In the contemplated arrange- 
ment already referred to it was proposed to appoint to eveiy 40 or 60 
hewers an inspector who had to examine the place and to see the shots 
fired. I might here notice the progress which is being made towards 
another system of working, which will probably result in the employment 
of gunpowder being dispensed with, were it not already argued that we 
have no right to await the establishment of that system. 

In conclusion, it wiU be observed, that no speculative or theoretical 
opinions are introduced into the foregoing pages, the chief object of which^ 
is to place on record the fact, that fii*e-damp has been proved capable of 
assuming in sitfk, a tension of more than 4 atmospheres. With this datum 
before us, the practical conclusions to be drawn from it are neither 
difficult to be perceived, nor at all doubtful in their character. To depend 
upon mere ventilation in encountering so powerful an agent must be 
regarded, as only an abuse of a very excellent principle* We require a 
further security ^ and that security must rest at present upon the univer- 
sal employment of the Safety Lamp in our deep and Jiery mines. 
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Heig:1its of the Barometer on the days of the principal pit ezplogioDS in the 
Gonl Minea of Durham and Northnmberland, since the year 1603 ; also 
on the day before and on the day after each explosion. 

The obfervations are generally three in each day on the registers, and that 
one is taken which is nearest the time of explosion, when the latter was 
known to me. The comparison with the day before and the dnj after is 
introduced to shew whether the Barometer was in a rising, steady, or 
Jailing state at the tarns of the explosion, see P-age 5. 
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Xn the year 1813 a society was instituted, of which the late Sir Balph 
MilbankO; Bart; was president; for preventing accidents in coal mines ; 
and in 1814 the society published its first report; which practically con- 
sisted of a letter from the late Mr. £uddle; on the various modes em- 
ployed in the ventilation of collieries; illustrated by plans and sections. 
I need scarcely say that a copy of this letter must be in the possession 
of every member of the society ^ as besides; containing a description of 
the then methods of ventilation, most valuable suggestions \^ere made 
by that able and soimd practical mining engineer; on ventilation gene- 
rally; and likewise on what was required to complete the system. 

At that period the only light used in coal mines was the candle; which 
was described as being made of ox or sheep talloW; with a cotton wick; 
forty-five candles to the pound; ox tallow being considered the best. 

And; when the air in the mine became mixed with inflammable gas, or 
carburetted hydrogen gaS; the mode of ascertaining its existence, and 
the degree of inflammability was described by Mr. Buddie as follows : — 

^^ In the first place the candlC; called by the colliers the lorv, is trim- 
med — that iS; the liquid fat is wiped ofi* — ^the wick snuffed short; and 
carefully cleansed of red cinders, so that the flame may bum as purely 
as possible." 

^' The candle being thus prepared; is holden between the fingers and 
thumb of the one hand; and the palm of the other hand is placed between 
the eye of the observer and the flamC; so that nothing but the spire of 
the flame can be seeu; as it gradually towers over the upper margin of 
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the hand. The obeenration is generallj commeiiced near the floor of the 
miney and the light and hand are gently raised upwards till the true state 
of the circolating corrent is ascertained." 

^' The first indication of the piresence of inflammable air is a slight 
tinge of bine, a bluish grey colour, shooting up from the tcfp of the qnre 
of the candle, and terminating in a fine extended point. This spie in- 
creases in size, and receives a deeper tinge of blue, as it rises through an 
increased proportion of inflammable gas, till it reaches the firing pcnnt. 
Bnt the experienced collier knows accurately enough aD the gradations of 
shew (as it is called) upon the candle, and it is very rarely fired upon ex- 
cepting in in cases of sudden discharges of inflammable gas.'' 

Mr. BuDDLE then goes on further to state, '' that the shew upon the 
top of the candle varies very much according to the length of run, or dis- 
tance which the current of air has passed through," and that ^' the same 
size of spire which would indicate danger in a current which had passed 
only one mile might be perfectly harmless in a current that had run five 
or six miles." That ''the air course for a short distance beyond, a small 
discharge of fire damp may be highly inflammable; but by passing a few 
yards further it becomes so diluted as to be perfectly harmless." And 
'' that long experience and attentive observation are consequently neces- 
sary to obtain a thorough practical knowledge of the art." 

Such was in 1814 the general mode of lighting coal mines, and the 
above graphic, and correct description of the mode of ascertaining the 
presence, and of dealing with the existence of inflammable gas, exhibits 
the delicate, ticklish, and extremely dangerous method of encountering 
such an insidious enemy. 

When from cases of extreme discharge of gas, or in pillar working, the 
current of air brought to bear upon the enemy was not sufficient to dilute 
the gas, so as to reduce it below the inflammable point; then the steel 
mill was resorted to. 

The steel mill was an instrument well known in the profession, and con- 
sisted of a wheel of steel of about 6 inches in diameter turned rapidly 
round by a wheel and pinion, a dexterous practitioner, then, by applying 
a piece of flint to the periphery of the wheel a continuous succession of 
sparks was elicited, and this produced certainly, at best, a precarious, 
rather uncertain, but certainly a sufficient light to enable the workman 
to perform some descriptions of work, and at least to travel pretty well 
through the workings. 

This light, however, requii*ed one operator with the mill to produce a 
light for one workman, and lience, as may be supposed, in cases where 



the mine could not be cleared of gas to such an extent as that candles 
could with safety be used ^ the expense was such that the coal could not 
be worked at all. And hence^ very little pillar working in mines discharg- 
ing inflammable gas could be practised. Looking at the immense extent 
of the mines in this district; which was thus rendered incapable of being 
worked; an extent which was daily, and constantly increasing; in the 
ratio of the quantity of whole coal excavated in those mines which con- 
tained gas. It need scarcely be stated then, that a powerful and accumula- 
ting incentive existed; to obtain some mode of lighting mines; to enable 
such a valuable property to be recovered; and brought into profitable and 
useful productiveness. Added to this also was the prevailing opinion; 
that the occurrence of frequent accidents; notwithstanding all the '^expe- 
rience and thoroughly practical knowledge;" alluded to by Mr. BuddlC; 
of the persons in charge of the mines; required some mode of lighting 
mines liable to be suddenly rendered inflammable; which would not in 
such cases explode the gas. 

Some rather severe accidents which occurred about the year 1814; di- 
rected public attention; and still more that of the scientific world more 
strongly to the subject; Dr. Glanny; to whom the mining interest owes 
a debt of gratitude; was the first to produce a Lamp by which a light 
could be used in an inflammable mixture of gas with impunity. The in- 
sulation of the flame by this Lamp was by means of water; and though 
the first liamp which was produced; it was too complicated and cumbrous 
for general use. 

In the autumn of the year 1816; however; circumstances occurred 
which accomplished the object required; and which has been productive 
of consequences in coal mining of the utmost importance to humanity 
and to the mining and commercial interests of the country generally. 
At the same time, and in distant localities; the late Mr. George Stephen- 
son and the late Sii* Humphrey Davy both produced lamps which insu- 
lated lights in inflammable mixtures of fire-damp without exploding the 
gas externally. 

It is not my wish; neither indeed is it necessary to arouse the then 
much debated question; as to which of those gentlemen the mining inte- 
rests are indebted for the first discovery of this invention. Enquiries 
then made; and subsequent investigations havO; in my mind; satisfactorily 
established; that both those gentlemen were original discoverers; and that 
it was one of those; not indeed only cases in science where two persons 
in distant localities; without commimication with each other; stumbled 
upon, or made the same discovery at the same time, and as in this case. 



arrived at the same regolts by yery different processes of reamnitig and 
deduction. 

Having been privy to the whole process by which my lamented friend 
Mr. Stephenson arrived at his discovery, it may not be oat of place, 
neither is it, I trust, an inappropriate opportunity, to give a short detail 
of the circumstances by which that gentleman arrived at such a valuable 
discovery. 

Mr. Stephenson had observed, that when the fire-damp was accident^ 
ally exploded in narrow drifts or passages, a tangible and considerable 
time elapsed between the instant of explosion at one end, and the arrival 
of the inflamed gas at the other — that in &ct the explosion passed along 
the drift or passage at a defined velocity — and, reasoning upon this fiu^ 
he supposed that such velocity would be dependent upon the area of the 
drift and that it was possible to arrest the flame ; and he thought if mo- 
tion could be imparted to the current of air in such a drift in a contraiy 
direction and of a greater velocity than that at which the explosion passed 
^— the explosion could be arrested or prevented from passing along the 
drift. He had also observed, that when blowers of gas were ignited, 
and lighted candles were placed to windward of such blowers, the 
flame of the blowers were extinguished by the burnt air of the candles. 

He then conceived, as he himself stated at the time, '' that if a lamp 
could be made to contain the burnt air above the flame, and to permit 
tho fire-damp to come in below in a small quantity, to be burnt as it came 
in, the burnt air would prevent the passing of explosion upwards; and 
the velocity of the current from below would also prevent it passing 
downwards," 

k lamp was accordingly made of tin, with a hole in the bottom, for 
the admission of air to the interior of the lamp, and a top perforated 
with holes. There was also a slide in the bottom to diminish the size of 
the hole at pleasure. This lamp was tried in inflammable mixtures, and 
the area of the hole was diminished until the aperture did not pass the 
flame. It was, however found, that when so diminished, the least qua&« 
tity of gas in the air put out the lamp. To remedy this, three tubes 
were used^ when it was found that a greater aggregate quantity of air 
could be admitted into the lamp without passing the flame — and subse* 
quently a lamp with plates perforated widi small holes, for the admission 
of air, was used, which it was found did not pass the flame. At this pe- 
riod of the investigation the reason why the flame did not pass through 
the apertures was not known. Although it was clear from the number of 
holes, that the theory of the velocity of the air passing through such 



perforations into the lamp did not act in preventing the flame from pass- 
ing outwards. All this time the burnt air passed through perforations 
in the top of the lamp. 

Mr. Stephenson had now arrived at the discovery that apertures of K 
certain area did not pass the flame of fire-damp; and had thus discovered 
the true principles of a safety lamp. Sir H. Davy at about the same time 
communicated to the Rev. W. Hodgson, of Newcastle, that he had 
" discovered that explosive mixtures of mine damp will not pass through 
small apertures or tubes, and that if a lamp or lanthoni' be made air- 
tight on the sides, and furnished with apertures to admit the air, it will 
not communicate flame to the outward atmosphere," and he subsequently 
found that ^^ iron wire gauze, composed of wires from one-fortieth to one- 
sixtieth of an inch in diameter, and containing twenty-eight wires, or 784 
apertures to the inch, was safe under all cii'cumstances«" 

The process by which Sir H. Davy arrived at the above conclusion, 
is given by himself in a small work ^^ On the Safety Lamp for Coal Mines 
with some Researches on Flame," which explaining the principles on 
which the safe insulation of the light is accomplished, is interesting. Sir 
H. Humphrey states — "I found that it (the fire damp) required to= be 
mixed with large quantities of atmospheric air, to produce explosion ; 
even when mixed with three or nearly four times its bulk of air, it burnt 
quietly, and extinguished a taper. When mixed with between five and 
six times its volume of air, it exploded feebly — ^it exploded with more 
energy when mixed with seven or eight times its volume of air ; and mix* 
tures of fire damp and air retained their explosive power when the pro- 
portions were one of gas to fourteen of air ; when the air waa in larger 
quantity, the flame of a taper was merely enlaiged in the mixture, an 
efiect which was still perceived in thirty parts of air to one of gas." 

^^I found fire-damp much less combustible than other inflammable 
gases. It was not exploded or fired by red-hot charcoal, or red hot iron 9 
it required iron to be white hot, and itself in brilliant combustion for its 
inflammation. The heat produced by it in combustion was likewise much 
less than that of most other inflammable gases." 

'^ On mixing 1 part of carbonic acid or fixed air with 7 parts of an 
explosive mixture of fire-damp, or 1 part of azote with 6 parts, their 
powers of exploding were destroyed." 

" In exploding a mixture in a gjass tube of one-fourth of an inch in 
diameter, and a foot long, more than a second was i*equired before the 
flame reached from one end to the other, and that metallic tubes pre- 
vented explosion better than gas tubes." 



" In reaaoping upon the variooB phenomena," says Sir Humphrey, '' it 
occnired to me — as a considerable heat was required for the inflammatioD 
of the fire-damp, and as it produced in burning oomparatiyely a small 
d^;ree of heat; that the effect of carbonic acid and azote, and of the 
snrfEuses of the small tubes in preTenting its explosion, depended upon 
their cooling powers; upon their lowering the temperature of the ex- 
ploding mixture so much that it was no longer sufficient for its continuous 
inflammation," 

^' This idea, which was confirmed by yarious obyious considerations^ led 
to an immediate result — ^the possibility of constructing a lamp, in which 
the cooling powers of the azote, or carbonic acid formed by comba^oo, or 
the cooling powers of the apertures through which the air entered or 
made it exit — should prevent the communication of explosion.'' 

It is curious to obsenre the minute difference of circumstances under 
which those gentlemen arrived at the same result, Mr. Stephenson had 
observed that candles placed to windward of a blower, extinguished the 
flame by the azotic air produced by the combustion of the candles. Sir 
H. Davy, found by applying azotic, and carbonic acid gas to fire damp 
in a state of inflammability, they exting^hed the flame ; and hence, both 
conceived the notion that the burnt air of the flame within, would, in its 
passage out of the lamp, as one of the causes, prevent the explosion fi^m 
passing outwards. Then comes the difference : Mr. Stephenson thought, 
that by admitting small quantities of air through the bottom, the velocity 
of the current would prevent the passage of the flame outwards, (and this, 
be it observed, was a £act which Sir U. Davy also discovered, for he had 
found that in a glass tube, 12 inches long, it required a second before the 
flame passed from one end to the other) ; and hence, his lamp was fed 
first by one hole with a slide, next with three tubes, and ultimately by 
small perforated holes. Sir H. Davy, on the other hand, finding that 
the fire-damp required a very high temperature for its explosion, con- 
ceived the idea of applying radiating surfaces, through which the flame 
would have to pass from the interior of the lamp, and by these to reduce 
its temperature, below that which was required for its continuous 
inflammation. 

Ultimately, iron wire gauze was used by Sir H. Davy, as possessing 
the greatest radiating qt cooling surface, and Mr. Stephenson used small 
perforated holes, for the admission of the air into his lamp, these small 

m 

holes acting as radiating surfaces, to reduce the temperature of the flame, 
as well as in accordance with the principles on which his lamp was 
originally constructed. 
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As previously stated, Sir H. Davy found that iron wire gauze of l-40th 
to l-60th of an inch diameter, with 28 wires, or 784 apertures to the 
square inch, was perfectly safe ; and up to this time the lamp bearing 
lus name has been so constructed, 

Mr. Stephenson's lamp has been much improved, and the lamp which 
is now in use, comprises a glass cylinder covered by a cylinder of wire 
gauze, and instead of the air passing through a perforated plate, it passes 
through the meshes of the wire gauze. This lamp differs from the Davy 
lamp inasmuch as in the latter, the air has access through the entire 
meshes of the wire gauze on all sides, consequently, when immersed in 
an inflammable mixture, the whole cylinder becomes filled with flame, 
and if it is continued in such mixture, the wire becomes red hot. 
Whereas in the Stephenson lamp, the air being only admitted through a 
few meshes of the gauze within the glass cylinder, the latter preventing 
the entry of any air or gas from the sides; consequently, a very small 
portion of gas is permitted to enter, and therefore, the interior of the lamp 
never being filled with flame, no injury can arise to the wires of the 
gauze. The small quantity of air or gas entering is, however, productive 
of another result, viz : — ^When mixed with gas, there not being a suf- 
ficiency of atmospheric air for the combustion of the oil, and not a 
sufficiency of inflammable gas to support the requisite temperature for 
its inflammation, the light is extinguished. In the Davy lamp there is 
a sufficient body of gas to keep up the requisite temperature, and when 
the lamp is kept in an inflammable mixture, the gas continues burning 
entirely independent of the combustion of the oil, the wire becomes red 
hot, radiating the heat sufficient to keep the temperature of the wires 
below that required for the passage of the flame through the meshes, but 
still sufficiently high to support t^e combustion of the gas. There is, how- 
ever, no acceleration or accumulation of intensity of heat, the wires keep 
at a dull red heat, if kept in a still atmosphere, and the lamp continues 
io bum with safety as regards the transmission of the flame through the 
meshes of the wire gauze. 

These are the principles of the two lamps, and I have been a little more 
minute in the explanation of them, as most of the modem lamps are 
modifications of one, or the other, or of both ; either admitting the air 
within the lamp unrestrictedly through the meshes of the gauze, allowing 
continuous inflammation to go on within the lamp, and relying for pro- 
tection from the radiating property of the gauze as in Sir H. Davy's 
lamp ; or restricting or diminishing the quantity of air admitted into the 
lamp, as in the Stephenson lamp, and allowing it to go out when immersed 
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ia on inllaiuiaable mixturoi when the atmosphere does not contain sufficient 
oxygen, to support the combustion of the oiL 

There has, however, recently been a new element brought into opera- 
tion^ which has an important bearing; on the construction and safety of 
these lamps, viz : that of producing a better or more powerful light than 
the Davy Lamp, and which has led to the rejection of the use of wire gauze 
as an insulating medium, or the cover of wire guaze over the glass cylinder 
on the sides of the lamps, and to the employment of glass cylinders alone, to 
insulate the flame on the sides, the air in all these cases being admitted 
within and passing out of the interior of the lamp through wire gauze. 
The principle of insulation, for the passage and exit of the air, is therefore 
the same as in the Davy lamp, viz : the radiation of the gauze, but then 
we have only the cylinder of glass, as a protection between the flame of 
the lamp and the external aur. The most extensively used lamp of this 
description is the Glanny lamp, the construction of this lamp being .that of a 
glass cylinder for the purposes of light, and a wire gauze top. 

The Museler Lamp is a lamp most extensively used in Belgium, and 
does not difler much &om that of Glanny, having a glass cylinder for the 
light, and a gauze top; but in this lamp there is a copper chinmey to 
carry ofl the smoke from the wick of the burner, and to force the air en- 
tering through the wire gauze downwards between the copper chimney 
and the glass cylinder upon the flame of the burner, the air being ad- 
mitted through tJbe gauze at the top. 

The Boty Lamp is another modification of this principle, having a 
glass cylinder with a wire gauze top, but in this the air is admitted 
through a ring of perforated copper at the bottom of the lamp. In other 
respects it does not much differ from the Museler Lamp. 

The Eloin Lamp has also a glass cylinder; the air is admitted through 
wire gauze near the bottom of the lamp, and is thrown against the burner 
by a thin copper cap. No other air enters the lamp than that at the 
bottom through the gauze, consequently it is easily extinguished. In- 
stead of having a cylinder of gauze for the top, this lamp has a copper 
or brass top, so that the only entry for air is at the bottom, the exit £>r 
the vitiated air being at the top through wire gauze. This lamp has not 
been much used. It has an argand burner, or flat wick. 

There are a variety of lamps constructed on this principle, viz., that 
of obtaining increased light by the iLse of glass cylinders, all of course 
of larger diameter than the wire gauze cylinder of the Davy. 

Dr. Glover's Lamp has a double cylinder of glass, the air being ad- 
mitted frona the top between the two cylinders, and passing downwards, 
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enters within the inner cylinder at the bottom of the lamp, through wire 
gauze, (XT apertures, and so passes to the burner. The two cylinders are 
for protection in case of accidents, and the air being passed between the 
cylinders, operates in keeping them cool. The top of the lamp is wire 
gftuze. 

It was my intention to have given drawings of the different lamps ; 
their construction is, however, well known to the profession, and the re- 
quisite plates would have extended this paper beyond the limits which I 
had prescribed to myself in this communication. 

I shall now proceed to examine how far the Davy and other lamps can 
be depended on in practice for safety in lighting mines abounding in in- 
flammable gas. 

It is well known to the profession that the safety of the Davp Lamp 
has been questioned very generally, and more particularly by persons 
having no experience in its use. Dr. Friara, in 1833, made some experi- 
ments toprove its insecurity, but these experiments were made with coal 
gas, which being essentially different in its inflammability from the fire- 
damp in mines, could not be considered conclusive; and though the object 
was to prove the superiority of Upton and Boberts' Lamp, yet even compa- 
ratively the experiments were of little value, as the only result found 
with regard to Upton and Roberts' Lamp was, that when immersed in 
the inflammable mixture it went out. 

The South Shields Committee came to the conclusion ^^ that the Davy 
Lamp was absolutely unsafe;" ^^ that the Davy Lamp has been found, 
by experiment and in practice, to explode the external gas by the passage 
of the flame through the gauze," and that ^^no doubt can remain that it 
has been the cause of some of the hitherto unaccountable accidents which 
have occurred." 

Mr. Darlington, in his evidence before the Committee in 1853, says :— 
'^ I can state from my own practical knowledge of the Davy Lamp, and 
from the opinions of miners who have for years worked with the Davy 
Lamp, that it is not a safe instrument in an explosive mixture under a 
strong current 3" and again, '' I have in a mine passed the explosive mix- 
ture, but not with a cool clean lamp ; it has been at a red heat;" and in 
answer to the question, ^' Is it not the fact that dust will fly off in sparks 
or scintillas, and that one spark would create an explosion ?" Mr Darling- 
ton says, ^^ There are very numerous instances of accidents taking place 
that we could attribute to nothing else. " 

The committee of 1852 state their ^^ concurrence in the opinion ex- 
pressed directly or indirectly by the committees of 1835 and 1849, and 

c 
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also with that 00 strongly expressed by the Soath Shidds Committee^ 
that where a proper degree of ventSatioii does not exist in a mine, the 
Davy Lamp or any modification of it most be oonsidered mdiflr as a 
lure to danger than as a perfect seenrity," 

• Having had considerable experience during the last 40 years in the 
nse of both Davy and Stephenson's lamps, and havixlg had no weQ 
authenticated cases of the lamp passing the flame, and having also, at and 
since the introduction of the safety lamps, made experiments with gas from 
blowers in the mines, I had certainly arrived at a difibrent oondaaioa. 
Considering, however, that the subject was of vital importanoe to the 
mining interests generally, and to the miners more pafticulafly, who 
venture their lives daily in immense numbers, on the safety of those lamps ; 
I thought it proper to institute aset of experiments, by which the lamps 
could be subjected to a more severe test than I had ever yet done. 

For this purpose a blower was selected in the Sillingworth pit, wUdi 
had been discharging gas for the last 16 years, a gasometer wise pepaied 
3 feet 6 inches inches in diameter, and 3 feet in height, diewn at a. b. 
c. d., Fig. 1, in which the gas was mixed with atmospheric air in certain 
proportions required, this was placed within a tub e. f. g. h. in the usual 
manner, and water was run into the tub for discharging the gas eat of 
the gasometer into the following apparatus,-^^ box 2 feet 9 inches square* 
and 1 foot 4 inches in depth, i. k. 1. m . was placed near the gasometM*, wiA 
an upright spindle n., in which an arm o. was fieistened, as shewn m the 
drawing ; on the end of this arm the lamp p., was fastened, and Ae 
spindle was turned round by a handle h., on the outside of the box. 

The box was filled with gas from the gasometer, by pouring m water 
into the tub e. f. g. h., and forcing the gas through the pipe, a^ and tiie 
gasometer was again filled by letting off the water, the gas beii^g obtam- 
ed from the blower b., by the pipe c,, and the atmospheric Bir by the 
pipe a. 

The experiments were conducted as foHows >— 

The lamp was placed within the box, as shewn in the drawing, and the 
box was filled with fire-damp from the gasometer, the lamp was then 
allowed to remain stationery until the flame became elongated> and in 
those lamps where the supply of gas to the interior of the lamp was sa<^ 
as to keep up a state of combustion, the lamp was allowed to remain at 
rest until the wire gauze became red hot; it was then turned roimd, 
gradually at first, lest the motion should put it out, then accelerated, to 
increase the intensity of the flame, and so increase the intensity, untfl the 
wii^s were in a state of white heat, and until the lamp passed the flame* 
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KiUmgworih Colliery, May 23; 1863. 

EXPERIMENTS with the Davy Lamp to ascertain if the flame may 
be passed in an .e3q[do8ive mixture of fire-dampi and at what 
velocitj. 

Dmoy Lampy \*t Ewperimmt^^YfikiQit^ •ttaiaed wm 9^ iieet par «600im1> vitb^t 
pegging fhe flame. 

IHUOy 9nd SsBptriment,^^ jrevohitioiis in 6 Beoonds, which is eqvt^i to a velocity of 
7} teet fwr seoond, wtthtut paeaiogr the flame. 

J^ittOy 9rd SmpeHmeat.'—SS rerolutleni in 86 aecmnde, which giTes a velooitj of 7f 
feet per leooiid witiioat paaaair ^^he flame* 

J)itt0, 4^ EaeforimeiU, — jvrdutioiit in 6 aeooncUy which givee a velocity of 11 
feet per eeoondy and dul pass the flame. 

DittOy ^th jExperiment, — 15 revolutioiie in 8 seconds, grivinf^ a velooitj of nearly 14 
feet per eecond, and did not pass the flame. 

It is to be remarked that in the experiments, with the exception of No. 4, the Lamp 
was pit im motion when first fiiU of exploeive mixture, and in a comparative cool state, 
bat in the case of No. 4, the Lamp was at a state of red heat, before being put in mo- 
tion at a high velocity. 

KUlingworih Colliery , June Q, 1853. 

EXPERIMENTS with various Safety Lamps to ascertain if the flame 
m^ he passed in an explosive mixture of fire-damp, and at what 
velocity. 

The experiments were made in the box 2 feet t) Inches long, 2 flset 9 inches broad, and 
1 foot 4 inches deep, having plate glass windows on one side for observation. In the 
box was fitted an axle with arms, at the ends of which were uprights about the lengfth 
of a Lampf having rings and screws attached for fixing the Lamp. On the under side 
of the box was placed a handle for turning the axle, working with two wheels, the 
smaller of which made four revolutions in the time the larg^ wheel made one. Tb^ 
top of the box was a Ud loosely fitted, so that an explosion should not ii\jure the appa- 
ratus. 

Diameter of circle the Lamp travelled, 38 inches — 88 inches each revolution of area. 
The gas was collected from the blower, mixed with air in the gasometer, and by water 
pressure forced into the box. In each experiment the lamp, after the gauie being gra- 
dually heated to a red heat, was then put in motion. 

Thefollomng results were obtained : — 

1^0. 1 Davy Lampy after making 160revolutionsin 116} seconds, and attaining a 
velocitj of 10 feet a second, did not pass the flame. Ttia lamp was again tried, and 
still did not pass the flame, having made 200 revolutions in 114 seconds, which gives 
an average velocity of ISf feet a second. 

iVo. 2 Daivif Lamp was then tried, and the flame passed in two experiments, the 
lamp having been moved on the first experiment at a vdodly of 16 feet a second, 
making 60 revolutions in 29 seconds ; and in the second experiment, at a velocity of 19 
feet a second, making 26 revolutions in 10 seconds. 



14 

No, 3 Jatik Lamp, Immg a eonunon Hovy, with an outside glaas cylinder half way 
np the Lamp, leayiagf ahout 3 inches of the wife gaose exposed. In the experiment 
the flame passed, hnt the yelocitj was not ascertained. 

JVo. 4 Stephmsan Lamp, without a g^lass, passed the flame whilst movins^ at a velo- 
dtj of 14,6 feet a second, 28 revolutions having heen made in 14| seconds. 

No, 6 Clmmy Lemp, eopper gauu, passed the flame at a velodtj of 12| feet a se- 
cond (12 revolutions in 7 seconds). 

No, CUmny Lamp, with bent iron nrire gauze and eraeked glata, was twice taop^ 
rimented with, and at the velocity of 16 and 16 feet a second respectively, did not pass 
the flame, hutin each case the lamp fell off thearms, and wasexting^shed — 96 revolutions 
in 44 seconds in the first case, and 20 revolntiousin 10 seconds in the last. The same 
Lamp in its damaged state was again tried and moved at a velocity of 12 feet per se- 
cood (68 revolutions in 29 seconds), hut without the flame heing passed, the Lamphav* 
ing hecome extinguished. 



KiUingwarth Colliery, June S9, 1858. 

BESUMED EXPERIMENTS with various Safety Lamps to ascer- 
tain if the flame may he passed in an explosive mixture of fire- 
damp, and at what velocity. 

No. 1 Davy Lamp (1st Experiment), — In this instance the lamp, after arriving at 
a dull red heat, was put in motion at a velocity of 15 feet a second without passing the 
flame, having made 248 revolutions in 61 seconds, the temperature in the hex during 
the experiment varying from 69® to 94" Fahrenheit. 

No. 2 l>aoy Lamp (2nd Experiment), — ^The lamp, after heated to a similar state 
as in the last experiment, was moved at a velocity of 18 feet a second, having made 62 
revolutions in 29 seconds, and the flame passed. Temperature in box varied from 69® 
to 82®. 

A Davy Lamp was afterwards heated to a red heat, and whilst being moved at a con. 
siderable velocity, very fine coal dust was thrown upon it hy means of a pair of bellows, 
the nosle of which was inserted in the side of the hox. On this heing done, the dost 
produoeed small and luminous explosions within the gause, which would lead an ohserver 
to imagine that the fiame had actually passed through the g^uze, but it did not. Oil was 
then poured upon the gauze, together with coal dust, so as to put the lamp in a con- 
dition as nearly as might be approximating to that it would be in, in the hands of 
a careless workman. It was then put into quick motion, and continued for some time 
without the fiame being passed. 

No, 3 Clannf^s Lamp (let Experiment) was tested in the same manner as the Davy 
Lamp in the first and second experiments, and the flame passed on attaining high velo- 
city, and the glass cracked. The same Idmp in its damaged state was again tried and 
moved at a velocity of 17 feet per second (68 revolutions in 29 seconds), hut without 
the fiame being passed, the Lamp having become extinguished. 

No, 4 Boty Lamp (used in Belgium, being authorized by the Government Inspec- 
tors). — ^This Lamp, after making 12 revolutions in 6 seconds, which is equal to a velo- 
city of nearly 15 feet per second, passed the flame and cracked the giass. Temperatora 
of the hox during the experiment varied from 70® to 88<' Fahrenheit. 
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N<h 5 JElotn Lamp, with a gwaxe but without the gltM. In this experiment, whioh 
was conducted in manner similar to the ethers, the time and revolations were not ascer- 
tained but the flame passed when the lamp was movingf at a considerable velocity. 

No. 6 Lamp similar to EUrin Lamp, without a Olaas, was also tried, and the flame 
passed but the velocity was not ascertained. 

HalVi Lamp, with a double wire gauze top tested in the same manner, did not pass 
the flame, the velocity in this case ha\ing been 13 feet per second. 

Caii and Olaver's Lamp was also tested, and the flame did not pass^ but the inner 
glass cracked. 

The mode of conducting the experiments^ was a most severe test^ snch 
as could scarcely occur in practice, in the first place, the gas being in- 
closed in a box, when rapid velocity was imparted to the lamp^ it would 
be subjected to an increased pressure of the air from its confinement 
within the box on the front of the lamp, the centrifugal force imparted to 
the air by the circular motion of the lamp, would also produce additional 
pressure to force the air through the meshes of the gauze. It can 
scarcely therefore, be supposed, that the same velocity imparted to a 
lamp moved with the hand or carried in the mine, would have the same 
effect in passing the flame. Not having been able, by any velocity 
which I could impart to a lamp m a rectilinear direction to pass the flame 
through the meshes, it was necessary that some snch severe test as 
adopted, should be used. 

It appeared also, that, as stated by Sir H. Davy, the flame would not 
pass through the meshes at a dull red heat, and that it was necessary^ 
befora the flame passed, that the wires of the gauze should be heated to 
a white heat, this, I had never been able to produce in the previous ex- 
periments, and it could only be done by an apparatus similar to that used 
by which an accelerated motion conld be produced, to raise the tempera- 
ture to the highest possible degree of heat. In performing each 
experiment, the motion was at first very slow, and then gradually 
accelerated; otherwise, the lamp went out, when, however^ a white heat 
was produced, any increase of velocity only added to the intensity of the 
heat, and had no tendency to put out the flame. 

On examining the experiments^ it will be seen that^ on the 23rd May; 
none of the experiments passed the flame through the meshes of the 
gauze ; although, the velocity with which the lamp was moved; was 14 
feet per second in the 5th experiment, but; as was afterwards ascertained; 
the experiment was not continued sufficientiy long, to produce the requisite 
temperature of the gauzC; though it had traversed 110 feet; at the rate of 
9 J miles an hour, and the heat was much beyond what could be produced 
by any current of air in a mine. In experiment No 1; June 6tb, although 
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io nodMr, the diBftmrp tntened, bengra^iectiTelT 1173 and 1406 fac, 
and the arenge rdootiei 10 and 13 &et per seeond. The last exper- 
imeoty shewing that a rdodtj of 13 feet per aeoondy heft up fat 114 
awondti or irinle tnrflrng nearly 500 jaida, at the late of ahoat 9 
miles an hovy did not canae 'the flame to paes thi oi^h the maApw 
And that it waa ontjr, when a Tdoeity of 15 feet per aeeond, and 19 feet 
per second^ and when the wires were heated to a white heat, that ^be 
flame passed. It was ahrajs fimndy that howerer ha^ the lan^ was 
immened in die fire-damp, so long as it was kept standing or not aob- 
jeetedto a carrent^ that die heal nerer exceeded that of a dull red heat» 
a dq;ree of heat mneh below that at whidi the flame passed the meshes. 

With the Stephenson hunp oomjdete, or with the glass, there was no 
tendAiej to pass the flame, the wires, £rom the diminisbed qnantitjr of air 
introdnoedy eoold not by any possQnlitj be heated, beyond that of doll 
redness, so jGir therefore, as passing the flame, while in a perfect atate, this 
kmp may be said to be a perfectly safe lamp; the ^^aas protects the 
lamp firom the e&cts of any current of air, or of motion, and the wire 
camiot be heated, beyond that which the inflammable air, in a state of 
still combostion, can impart to it. and which as before stated, does not 
pass the flame. It is only when the glass is broken, and when the lamp 
becomes, in feet a Davy Lamp^ that motion of the airthrongh the ganze, 
can be attended with dai^;er, and in this state, the No. 2 experiment of 
June 0th, was made. In this experiment, the flame passed when the 
Telocity was about 14^ feet per second^ nearly about the same result of 
the Davy lamp. 

The Jack Lamp is a Davy Lamp with a glass cylinder around the 
gauze opposite the flame of the lamp, or about half the height of the 
gau2se. The cylinder of gauze of the Davy Lamp being about 6 inches 
in length, the glass cylinder was about 3 inches, leaving 3 inches of wire 
cylinder above the glass unprotected. This lamp, as shewn by No. 3 
passer, the flame when sulgected to motion which produced a white heat 
to the gauze. 

Clanny*s Lamp having a cylinder of wire gauze of about 5 inches in 
length above the glass, also passed the flame when subjected to a white 
heat; and it is necessary to observe, that a wire gauze of copper passed 
the flame much more readily than gauze of iron wire, viz., at a velocity 
of 12} feet per second when the space traversed was only 88 yards. 

The Boty or Belgian Lamp, having also a cylinder of wire gauze 
above the glass, passed the flame at a velocity of 15 feet per second, and 
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wh«i subjected to a white heat. The length of the cjlinder of wire 
gauze of this lamp is less than that of the Davy Lamp ; * hut the diameter 
of the cjlinder is larger^ and therefore oontaiziing as large a quantity of 
gas within the cylinder, the same result as with the Davy took place. 

The EloinLamp another Belgian Lamp, is differently constructed; have 
ing a brass top with a wire gauze cap, but having about two inches of 
glass; and admitting the air at the bott(mi ; while perfect, it went out 
with the slightest motion when immersed in the fire-damp. I took off 
the glass, and substituted wire gauze, and though the cylinder of gauze 
was only two inches in length, and about two inches in diameter, it con- 
tained within that space sufficient gas, when put in rapid motion, as to 
produce a white heat, and so pass the flame through the gauze. And I 
tried another lamp No. 6 experiment, June 29th, with a cylinder of gauze 
2| inches in height, and about 1| inches diameter, which also passed the 
flame under the same circumstances. 

During the prosecution of those experments, it was objected to them 
that the test was such as could not occur in practice, and that the more 
correct way of testing the safety of the lamps, would be by subjectiBg 
them to rectilinear motion, as more consonant with what was likely to 
occur in practice — ^whether the lamp was subjected to a current of air, to 
a fall from a height-*-gafii being forced upon it by falls of stone, or by 
blowers— or by persons running away with the lamp in an explosiya 
mixture of gas — ^no doubt this is correct ; but as before explained^ I had 
nevor been able, under such circumstances, to cause the flame to pass 
through tiie gauze. Mr. Thomas John Taylor, however, instituted a set 
of experiments with similar lamps at the blower of gas at Wallsend ; and 
as these experiments are very valuable as contrasted with mine, I have 
the permission of that gentleman to embody them in this paper. 
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EXPERIMENTS 

TO TEST 

VARIOUS SAFETY LAMPS, TRIED AT WALLSEND 

COLLIERY, JUNE 28th, 1863. 

Present — ^Mr. Thomas J. Tatlob; Mr. Geobgb Clark; Mr. Thomas 
iRYiins, Engineer of Colliery; the Master Wastemak; 
and others. 



The gas made use of is direct from the mine, being conveyed in a 4 
inch pipe from a barred-up space of about 50 acres at the depth of I^ 
&thoms, and thence up the C. Pit shaft. It was received by means of a 
small pipe and stop-cock, into a horizontal wooden box 12 feet long, and 
18 inches square inside, with windows at each end, and two windows on 
the top. 

A double groove was made at 3 inches fit)m the bottom of the box, 
with a sliding platform which moved in it, and on which the lamps were 
firmly fixed by wedge pieces. 

A horizontal wheel was placed outside at each end of the box, the two 
wheels being connected by a cord which passed round the periphery of 
both ; one cord being outside, and the other inside the box. The inside 
cord was attached to each end of the moveable platform. A check string 
was also attached, which allowed a movement in either direction of 11 
feet, and prevented the lamps fit>m coming into contact with the ends of 
the box. 

An upright shaft with a handle was attached to one of the wheels, by 
turning which, various rates of velocity might be communicated at plea- 
sure to the moveable platform, and the lamp upon it, in the interior. 

The indications of foulness were at once apparent from the effect on 
the lamps. 

The box was kept cool by admitting fresh air in the intervals of, and 
sometimes during the experiments, the ends being moveable. 

The temperature of the external air was 64^. 

The temperature of the gas was 65^^. 

The time was measured by a watch with a large second hand pointer, 
capable of determining accurately a quarter of a second. 
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Experiment 1st. — With the Common Da^y Lamp, — ^Tlie lamp^ im- 
mersed in an inflammable atmosphere; and filled with flarae^ was 'moved 
backwards and forwards^ always completing the distance of 11 feet 
within the second : taking into account the slightly diminished velocity 
at the commencement and termination of the movement^ and the greater 
velocity in the middle of it; the lamp moved at rates of from 10 to 12 
feet per second during the experiment. 

The rapid movement increased the brightness of the gas combustion 
in the interior of the lamp; but had no other effect; until by a still greater 
increase of speed; the flame was extinguished, 

2nd. — Repeated the same experiment; after re-lighting the lamp and 
preparing a new inflammable atmosphere in the box. 

The results were as in Experiment 1st. 

^rd. — Repeated the same experiment with the same results. 

4i^&.— Allowed the Davy Lamp to remain in the inflammable atmo' 
sphere until the gauze was above a red heat : and then moved it as before 
with a velocity of 10 to 12 feet per second. The lamp in motion pre- 
sented a column of light; brighter than in experiments 1; 2; and 3 ; and 
by increasing the velocity; was extinguished. 

bth. — Jerked the Davy Lamp backwards and forwards in the inflam- 
mable atmosphere with great velocity; while the gauz^ was above red 
heat: at each reversal of the jerk; a flash took place in the interior of 
the lamp; but no other effect followed; until the lamp was extinguished 
by the violence of the motion. 

In all these experiments the entire lamp was filled with ignited gaS; 
but the flame of the wick continued visible. There can be no question 
as to the clear character of the experiments. 

Qth. — Stephensoris Lamp was extinguished at a much lower velocity 
than that to which the Davy admitted of being subjected. 

7th. — Museler*8 Zamp; with a copper chimney insido; was extinguished 
as in No. 6. 

^th. — Clanny's Lamp (1st Experiment). — Moved backwards and for- 
wards without passing any explosion : but was extinguished before being 
submitted to as high a velocity as that of the Davy experiments. 

9th. — CUmnrfe Lamp (2nd trial). — ^Went out after being moved back- 
wards and forwards several times, though kept fiill of flame for some 
time without the glass becoming so heated as might have been expected. 
Velocity of movement much less than that of the Davy. 

V)th. — Glover's Lamp went out at 3rd movement (less velocity thaa 
the Davy. 
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llih.'-^ffbvSf^i iM/fhp (2trf tMftl);— liitto ditto dftto. 
12th.^Slaih Zafnp fa Qetditai lamp)> Thohiten & Co.— #ent out on 
moving a h^ iHmes, w!tH mudh leto velocity tiiAh the Dtivy. 
18tt.— ^foi^ ii^)np (9nd trial.)— Went oat as soon as it filled. 
lith.—^Vptdh and Hoberfs LaThp.-^'WetLt out at once in inflammable 

THOMAS JOHN TAYLOli. 



These etpeHmeflts pifore thdt whateV^ mbtioh coiild be iihjSSiw to 
ih6 Idtnjpd ihdv^d in a rectilmear dii^tioh^ had ii6t the eS^idt drprodiic- 
ih^ stich a degiM of h^t as to allow of th^ pa^sag;e of the flame through 
the meshes of th^ gauze; 

The practical I'ei^i of the ^olei of theise experiments on the di^reht 
Safety Lamps appear to ba asi follows :-^ 

1. With the Jjavy Lampf oif with lkth|)S> theih^atioii of £h6 flame in 
the iiislde of the lamp being accomplished by single wire gauze alodd; 
diid when the lehgth of the cylinder of gatize is from 3 to 6 inches^ the 
diameter abbilt 2 inches^ these lamps are peifectly safe, placed id il still 
atmosphere of fire-damp. That while so placed the wire becoihes of a 
diill red heat, but such h^ai does not increase in intensity ; and so long 
aii the wire^ remdh in that state of heat, the Ump kept stilly and so lon^ 
as the gfauze remains perfect, it will not pass the flame. But it is clear thsit 
in practice^ such lamps should ^ot be allowed t6 r^m&iii in such an atmos- 
phere; but on the wires becontring red hoi the lamp should b6 iinine- 
diately and carefully withdrawn. 

2. It also results from these experiments, that currents up to ten fe6t 
per second of inflammable air, or moving the lamp through sii atniosphere 
of inflanimable air at that velocity, h^ nofthe effect of increiasing the in- 
tensity of the heat of the wires so that the flame will past the meshes; 
but sis we have seen, by these' experilnents,' that a'n increiased velocity 
lixider obtain cirdumst^ces does raise the intensity of the flame within 
tne lamp, so as to heat the wir^s to a white heat, and so pass the fldm^; 
it follows, that it is desirable in practice, that the lam^ should b^ 
^p^rly shielded from the efl^ect of such a current of air, or frdin &e 
effect of rapid motion ; and that likewise when the lamp is found to' 
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become red hot, it sbbuld bie witlidi>awn from the ^s or (hirr^t of in- 
flamtiiable air^ as spebdily and as carefully as pos^ble. 

3. And with respect to shields for such laimps aiid in such cases sis the above; 
it has been shewli th^t a shield thi^ee inches in depth encircliii^ the gauze^ 
leaving two or three inches of the cylirider of gaui:e exposed, is nbpreven- 
tative of the passage of the flame through the meshes of the giiize; '^heii 
the velocity of the durrieit of air, or the velocity with which the liariip ik 
moVea, i^ beybnd 10 feet per second, or Such as to raise the heat of thi 
wires frbtti a dull r^d to a white heat. Either such latiip liiust not ber 
subjected as in 2, to such currents ot such motion, oi* the shfelds ^hbuti4 
be such as to cover oi* protect the lamp to such an extent that kyxik ctBr- 
rents, does not increase the intensity dfthe flame of gas ^thiii the laffi|), sb 
as to mal[e the wires of a white heat, ahd so pdss the flaih^. It may b^ 
observed, that the i^tieildbrdinaiily used ik oiilya pl-otedtiori to the^wi^ of 
the mok of the lainp ftdih the etfect of i cutri^nt of air, d^ the nibdoi 
of the lamp ; it is not, hbwever, until the Whole bf the liiteiicir bf 
the lamp becomes filled with flaihe, whfenthfe flairie leaves fliis t^acTtiJ 
^nd whbn it consists of a combustion of the giases, dtld nbt ttie 
flaine of the wict or cbinbhstion bf the oil, that the di^iigfer cbnimencbs :— 
and that a culrent acting oh such coiiibu^tiotiMieis the heat G»f th^ wiS*b^': 
and then; as shewn by the experiments, the brdfiiijt^y shield bf the laiia^ 
is of no usb in preventing the increase' of inteiisity of heat produced by ^ 
current, or motion of thb lamp. 

4. Stephenson's Lanip, and such lamps where the g&iuze is entirely shielded 
6x covered by glass, allowing only such a quantity of air to pkss ihto the 
interior of the laihp as is sufficient for tire combustion of tlie wick or oil oi 
the lamp ; hut not such a quantity of air as will keep up the combustion of 
the gas within the lairip, are perfectly safe lamps, so long as the shield or 
cover of the gauze remains perfect. As such lamps are never subjected to a 
greater heat in the interior of the lamp, llian that given to them by the flame of 
the wick, or by the elongated flame produced by the admission of the inflam- 
mable air, previous to the air being in an explosive state ; the intensity of the 
heat cannot be raised by any current which can pass through the dimi- 
nished number of apertures ihto the interior of the lamp So as to make it 
unsafe. The principle of Such lamps being, that the quantity of air admitted 
is only sufficient for the combustion of the wick or oil, and not sufficient to 
keep up the combustion of the gases when the air becoiiies in an exjilbslve 
sta^e. When, therefore, the air of the mine becomes explosive, the combus- 
tion leaves the wick, and it would then produce a combustion of the gases ; an J 
as in the Davy Lamp the effect of i current of air acting upon such combus- 
tion, increases the intensity of the flame, and raises the heat of the 
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wires from a red to a wliite heat, and so allow the flame to pass. The 
Stephenson Lamp^ on the contrary will not keep np a comhnsdon of the 
gases, the flame within the lamp heing extinguished for the want of a 
sufficient quantity of air to support such a comhustion of the gases. 

5. It has heen urged against the Davy Lamp, and those lamps of single 
gauze insulation without shields, that tha dust of the mine, or their heing in 
in a dirty state, renders them unsafe. The experiment No. 2, June 29th, shews 
that it is difficult to pass the flame through the meshes hy throwing coal dust 
upon the gauze when the wires are red hot, orhy spilling oil upon it in that state ; 
but it need scarcely he added, that lamps should not he permitted to he sub- 
jected to any such tests — ^when red hot, they should, as stated in 2, be im- 
mediately removed — and the lamps should be subjected to the requisite 
examination to ensure their always being in a dean and perfect state. 

6. It has also been objected to the Davy Lamp, or lamps insulated with 
wire gauze, that they do not afford the requisite degree of illuminating power 
to allow the workmen to pursue their avocations, and consequently insulation 
by glass or talc has been resorted to. Without adverting here to the degree of 
safety of such insulating substances, the experiments on such lamps shew 
that if the air is admitted freely into the interior of such lamps by the use of 
wire gauze tops, (such as in the Clanny Lamp and the Museler Lamp)^ and 
where, consequently^ the quantity of air admitted into the interior of the lamp 
is such as to support the combustion of the gases; such lamps, when subjected 
to currents or motion under the circumstances shewn in the experiments^ pass 
the flame. It becomes, therefore^ apparent that such lamps present twofold 
danger, viz., the risk of breakage of the glass, and the danger arising from 
the intensity of the combustion of the gases within the lamp when subjected 
to a current of inflammable air or motion ; and it would appear that the remedy 
for the latter would be to so construct the lamp that such a combustion of the 
gases cannot exist in the interior of the lamp to produce such an effect ; 
this can easily be done by diminishing the quantity of air admitted into the 
interior of the lamp, and which indeed is done in some of the lamps. 

7« With reference to the use of glass or talc as insulating substances, the 
fact of the employment of such numbers of lamps as those of Clanny, and the 
Museler Lamp, every day, without any or so few accidents from the cracking 
or breaking of the glass, would prove that such an insulating substance as 
glass properly annealed, and the lamp properly constructed, is a safe lamp. 
The Clanny Lamp, in these experiments, when the wire was in a state of nearly 
white heat had water thrown upon the glass by a jet thrown into the box, the 
water had the effect of cracking the glass, but the flame did not pass. The 
glass of these lamps are, however, liable to crack from the expansion when 
subjected to great heat, where proper care has not been taken to allow of the 
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free expaDsion of tbe glass in the construction of tbe lamp : but this is easily 

remedied. 

8. Lamps have been produced, such as Dr. Glover's, with two cylinders of 
glass, the air being admitted into the interior of the lamp, by passing between 
the cylinders, for the purpose of keeping the glasses cool — and some lamps 
with water between the glasses. No doubt double glasses adds to the security, 
but if such lamps have an unprotected wire gauze top, the ejQPect of the heat 
of the combustion of the gases is much beyond the cooling effect of any air 
passing betwten the glasses, and the intensity of such heat, besides adding to 
the risk by the the flame passing the gauze^ also tends to heat and crack the 
glass. These lamps do not necessarily require wire gauze tops, as brass or 
copper topS; such as are used in the Eloin Lamp, may be adopted. Double 
wire gauze tops such as T. Y. Hall's and Dr. Fife's Lamps^ have been used, 
counteracting to a certain degree, the effect of interior combustion, as the 
outer cylinder of gauze^ not being subjected to the direct action of the flame^ . 
remains free from injury. 

9. It would appear as a summary of all these results, that if the Davy 
Lamp is used, or lampSy the insulation of which is accomplished, by 
cylinders of wire gauze alone, proper precautions should be enforced, for 
their careful removal when the internal combustion of the gases takes place, 
or when the wires of the gauze becomes red hot, as the margin of danger is 
between the wires being at a red^ and becoming of a white heat. Or that 
shields of glass or other materials should be used in such lamps, to so diminish 
the quantity of air or gas admitted into the interior of the lamp, that active 
combustion of the gases cannot exist, so as to raise the heat of the wires 
from a red to a white heat : — taking care of course, that the lamp is supplied 
the requisite quantity of air, when the atmosphere of the mine is at, or just 
below, the inflammable point, to support the combustion of the wick or oil. 
With such a lamp, when the mine becomes explosive, the gas will explode in 
the lamp, combustion of the gases will commence, and the flame will leave 
the wick ; but as there is not a sufficient quantity of air admitted to keep 
up a continuous combustion of the gases, the flame will be extinguished ; 
and consequently, the wires can never become of a white beat or the lamp 
become dangerous. 

And, that in all lamps where glass is used as the insulating medium, 
the admission of air into the interior of such lamps, should be so diminished, 
as that active combustion of the gases cannot take place within the lamp ; 
and more particularly, that tops of single wire gauze unprotected^ and there- 
fore liable in explosive mixtures of gas, to the objections heretofore stated, 
should be avoided. 

NICHOLAS WOOD. 
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SAFETY LAMPS. 



A PAPBR RBAD AT THB MONTHLY MBBTINO OF TUB NORTHERN INSTITUTR 
OF MINING BNQINBBRS, HBLD ON FRIDAY, THB 5th OF AUGUST, 1853, IN 
THB LBCTURB ROOM OF THB LITERARY AND PHILOSOPHICAL SOCIETY, 
NBWCABTLB. 

BY THOMAS YOUNG HALL, 

(bLDON square, NEWCASTLB-tTPOM-TTNB.) 
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My attention having been directed towahls the Improvement of what are 
denominated Safety Lamps, to be use<| in mining operations, I have 
endeavoured to accomplish the following bbjects, namely : — 

First. — To obtain a more brilliant light than is afforded by any of the 
existing lamps. 

Second. — To effect greater security against explosions. 

The course pursued to attain those objects, as well as the manner in 
which they have been practically realisedl admits of very brief explanation. 

By introducing certain simple mocnfications in the construction of 
Upton and Roberts' lamp, I propose to meet various changes, which will 
be attended with highly important and beneficial results. 

It may be observed, that in Upton ant Roberts* lamp the atmospheric 
air enters through a number of holes formed in the rim of the oil-pan, and 
passes through a vault, having an aperture in the centre of the dome, to 
the flame, which is protected by a cylinder of gauze and an external 
cylinder of glass, — the gauze cylinder being about an inch and three- 
quarters in diameter, and the glass about two inches. 

The motives by which I am actuated in pursuing this course are 



entirely of a public nature ; my object being solely to promote the welfare 
of that great interest which is the main-spring of the prosperity of the 
northern counties, and at the same time to render a service to the cause of 
humanity, by making an additional provision for the safety of those who 
subsbt by under-ground occupations. 

By the use of my lamp, the miner will be placed in the enjoyment of a 
flood of light equally as cheap and much more brilliant tlian that which 
he before possessed, and will be enabled to follow his occupation with 
greater ease, comfort, and cheerfulness, securely guarded against those 
fearful explosions which have hitherto spread desolation through the homes 
of thousands, but which, I trust I have, under Divine Providence, at 
length ascertained the means of wholly, hereafter, preventing. I refer for 
a description of the properties and advantages of the lamp to the printed 
paper which accompanies this address, and respectfuUy entreat that, not 
out of regard for myself, but for the sake of that great object which it is 
designed to attain, it may undergo a candid scrutiny, and have its preten- 
sions to confidence determined by the dictates of truth and justice, and by 
these alone. 



In introducing to public notice my improved Safety Lamp for the use 
of miners engaged in the working of coal-pits, either in Great Britain or in 
other parts of the world, I am aware that I shall have to contend with 
those obstacles to its immediate and general adoption which, in all similar 
cases, are presented by the prejudices of those who do not wish to see old 
systems or practices broken in upon, and the reluctance which many feel 
to adopt any innovation upon the existing order of things, or even to 
investigate the merits of any discovery that may seem to threaten the over- 
throw of what they have been accustomed to regard as perfect and 
unalterable. I am encouraged, however, to persevere in my efforts to 
obtain for my invention that fair consideration which I feel to be due to it, 
from the importance of the subject with which it is connected — and, I 
would fain hope, to bring it, eventually, into extensive, if not universal 
application, — ^by the approbation which some of the most eminent profes- 
sional men engaged in the superintendence of the largest colliery establish- 
ments in the great coal-fields of Durham and Northumberland have been 
pleased to bestow upon my labours, and the highly favourable opinions they 
have expressed as to its probable utility, alike as a means of economising 
the pecuniary expenditure inevitable to the prosecution of mining enter- 



prise, and of protecting the lives of the numerous industrial population 
engaged in its operations. 

In my lamp, by placing a cylinder of glass within the gauze, resting 
upon the dome of the air-vault, and closely siurounding the central 
aperture, the air, after it enters, instead of being (as is the case in all 
other lamps) dispersed throughout the lamp, is thrown underneath and 
concentrated directly upon the flame, and greater brilliancy of light is 
the result. This constitutes the principal improvement in my lamp, and 
is the most important that has been introduced since the original invention 
of Sir Humphrey Davy. 

Then, with respect to the admission of external air to feed the flame, 
that is effected in my lamp by means of perforations through a portion of 
the dome of the air- vault, and not through the side of the brass rim of the 
oil-pan, as in the lamp of Upton and Roberts. 

There is also a modification introduced into my lamp with regard to 
the gauze, which is so placed as to entirely surround the air-vault, the 
perforated portion of the dome of which is then between the gauze 
cylinder and the inner glass tube. The space between these cylinders is 
divided into two portions by a rim about four inches from the bottom, 
extending from the inner glass tube to the gauze. That portion of the 
air which enters below this rim is guided through the holes in the dome 
of the air-vault to the central aperture, whence it passes directly upon the 
flame. This principle forms another important improvement in the con- 
struction of my lamp. 

In the division of the lamp below this rim or stopper are comprised 
the light chamber and the ventilating part; and in order as well to protect 
the gauze in this part as to facilitate the removal of dust or oil that might 
accumulate in the meshes so as to obscure the light, about four inches of 
the bottom part of it is enclosed between two glass cylinders, leaving a small 
portion of open double gauze between the top of the glass casing and the 
edge of the rim stopper. In consequence of this arrangement, the 
external air is admitted through the gauze at that part where it is most 
necessary to avoid danger. A sufficient quantity of air to feed the flame 
and give a brilliant light will enter through the open portion of the 
gauze below this rim, descend between the cylinder and the glass 
tube, and pass through the air-vault to the flame in the manner above 
described. 

One important advantage obtained by bringing the external air down 
between the transparent cylinder and tube b, that the current keeps the 



inner tube and the intermediate gauxe cylinder cool, or, at any rate, much 
cooler than by any other system. This arrangement with the inner tube 
is peculiar to the lamp of my invention, and constitutes one of its most 
important features ; for it not only increases the light, but adds considerably 
to the safety of the lamp. 

Other advantages are also obtained by encasing the gauze of the light 
chamber. A much finer gauze^ of iron, copper, or platina wire, in its 
natural state, fcnr instance, might be used for safety-lamps, with or without 
one of the glass protecting cylinders, and not be so liable to rust, and 
greater brilliancy of light obtained, even with 1,296 holes per square inch 
in the mesh, which is 512 more than in the Davy or other lamps ; and this 
sufficiently strong for all purposes of safety. 

Further, should the glass, inside or outside, become dirty, the meshes of 
the wire would remain perfectly open and clean, and the dirt or coal-dust 
could be wiped off the glass at any time with the utmost facility, and the 
full power of the light maintainpd undiminished by causes which not only 
obscure the light in the " DaVy " and other lamps having an external or 
internal glass cylinder, but increase the danger arising from explosion. 
The large quantities of smoke in other lamps is also very objectionable. 
Accumulations of coal-dust or oil in the meshes of the gauze cannot take 
place under any circumstances from the manner in which the gauze in the 
light chamber of my lamp is protected ; whereas, should an accident 
occur to break the glass casing, the lamp would still be safer than 
before, on account of the inj^ei tube protecting the flame inside so 
completely. 

The upper portion of the lamp, above the rim or stopper, may be 
denominated the " safety part." It is formed with double or treble gauze, 
or gauze sheathed inside with perforated copper, except for about a quarter 
of an inch next to the rim-stopper, which is also double. The external 
air will enter through this part, and, passing upwards, in some measure 
subdue the heat that might otherwise accumulate there. 

By the introduction of the inner glass tube, so as to concentrate the 
air upon the flame, when the wipk is kept at the proper height, the flame 
will be of the proper length, a^d the smoke and gas that enters with the 
air may be entirely consumed, and all danger of exploding the gas outside 
completely obviated ; for, in an explosive mixture of gases, my lamp will 
become extinguished at the proper point ; while, from its improved mode 
of ventilation, it will burn for a much longer period than will ever be con- 
sidered necessary in such a %Be, showing indications of danger at the 



flame^ so as to give warning, and afford sufficient opportunity for the 
workmen to retire until the explosive mixture has been dispersed. 

While contradictory evidence is given on the subject of the Davy lamp, 
it may be necessary to refer to the facts relating to the conditions under 
which fire damp manifests itself in mines, contained in the valuable paper 
by Thomas John Taylor, Esq., published in the Appendix to the Soutii 
Shields Report, and now reprinted with that report by the parliamentary 
committee, which offers the most complete refutation possible of tlie 
conclusion of the committee on this subject.* 

It may bo remarked that the superior ventilation of my lamp enables me 
to use an Argand, a solar burner, or any other that may be thought desir- 
able ; and I may state that I am at present engaged in making experiments 
with wicks manufactured differently from those in common use, with which 
my lamps burn very well, but which will no doubt be superseded by others. 
These improved wicks are extremely simple ; and though short in length as 
compared with the common wick, they are expected to bum longer, with a 
steady, clear flame, producing no smoke, for ten or twelve hours, without 
requiring that attention to pricking tind snuffing which are absolutely 
necessary with the ordinary lamp and common wick ; in short, to do away 
with the inconvenient and complicated process of pricking and snuffing 
altogether, and, by moving a screw connected with the wick, increasing or 
diminishing the flame at pleasure, as well as economising the oil where 
a larger light than a pit-candle is not wanted. 

There are many advantages besides those above enumerated, which my 
lamp possesses over those in ordinary use, but they are so obvious that it is 
unnecessary to enter upon any lengthened description of them in this 
paper. 

It may be observed, however, that the gauze encased in these glass 
cylinders not only assists to guide the air into the vault, but also com- 
pletely steadies the flame in the tube, iand protects it from the trans- 
parent gauze cylinder. The importance of this improvement was par- 
ticularly observable in the experiments at Killingworth by Mr. N, 
Wood, Mr. George Elliott, Mr. Wailes, Mr. John R. Liddell, and myself; 
for even when my lamp was moving in a circle at the end of a horizontal 
bar, revolving at the rate of from twelve to fifteen feet per second, the 
flame still continued steady and perpendicular^ not being in the least 
degree affected. 

* Mr. Taylor has recently read a very interesting paper on this subject to the 
Society of Mining Engineers. 
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There is this additional advantage in my lamp over the Davy or 
any other lamp with gauze unprotected by glass — namely, that the workmen 
cannot light their pipes by sucking the flame through the wires. 

If it should be thought desirable to form the lamp wholly or in part of 
glass, then the principle upon which my lamp is constructed is, in my 
opinion, the best that can be adopted, both for the safety of the miner and 
for producing a light sufficient for aU mining purposes. 



I will now proceed to give a description of another lamp on the same 
principle, as far as ventilation goes^ but with an improved mode of applying 
the oil, gas, or candles, rendering it, in that respect, self-acting. The plan, 
if with oil, is to transfer the oil-pan from the bottom to nearly the top of 
the lamp, and instead to introduce a bullion of peculiarly prepared glass at 
the bottom. In that case,' one or more of the pillars would be made hollow, 
and the oil would be let off gently by means of a spiral screw, and would 
descend into a well formed in the bullion to suit the apparatus for the 
improved wick, where the oil would be a little cooler. The bullion, being 
a non-conductor, would not become so heated, and its being partly trans- 
parent would be another great advantage, because the level at which the 
oil stands, or ought to stand, could at once be seen. A still further 
improvement might be effected by making the sides of the oil-pan at the 
top of the lamp of a rim of glass, and partly to rest the pan upon any non- 
conducting substance, which will prevent it becoming heated. The quantity 
of oil consiuned in one day, while the lamp will be locked, is so small that 
the oil-pans, with the bullion at the bottom, will neither add to the weight 
of the lamp nor cause inconvenience in the use of it. The ring or handle 
at the top, with the piQars, could easily be made to lock the lamp. 

The improvements introduced in the construction of my lamp enable 
me (if necessary,) to use the gas from a pit-blower instead of oil ; the gas 
can be conveyed into the burner of the lamp at any part of the pit, through 
pipes adapted to the purpose. In the Emma Pit at Townley Colliery, near 
Kyton, a large blower in one of the seams of coal discharges a considerable 
quantity of gas, which, instead of being carried away in the return, 
and over the furnace, as is usual, is usefully and economically employed in 
lighting up the shaft, the whole of the pit-buildings at the top, and a 
portion of the workings of the mine below. The gas is discharged into a 
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pipe, along which it is conveyed into the dip-workings, which are filled with 
water : for a distance of about two hundred yards it passes through the 
water confined in these workings, and makes its escape at a point forty feet 
above the level at which it entered the water into a dry drift, with a close 
dam tapped by means of a pipe, with a regulating-cock outside. This 
pipe is continued to the bottom of the shaft, and thence into the main 
working-ways, where lights are required. These may be either fixed or 
made moveable by means of a flexible pipe attached to my lamp ; and, 
where it b desirable to have a small bright flame, the gas might be passed 
through a sponge saturated with naphtha, placed in either of the pans at 
the top and bottom of my lamp, or in both of them. The whole of the 
main drifts, as well as the smaller workings, may be thus lighted with gas, 
under lock ; and, as it has been stated that blowers sometimes come off 
by the falling in of goaves, — thus forcing the gas into the main drifts, 
where it is likely to explode at naked lights, which are generally used 
there, without any advantage over the closed light, — the whole of the 
danger arising from that source is completely obviated by the use of my 
lamp, which, in fact, renders naked lights quite unnecessary when gas b 
considered dangerous in a pit. 

It is my intention to extend the system into the more dangerous parts of 
our Townley Colliery, according to the supply of gas and economy in its 
application. The pipe from the bottom of the shaft is continued upwards 
to another working seam, where the gas is applied in the same way as in 
the seam below. The same pipe is still further extended to the top of the 
pit, where it enters a gasometer, in which is collected all the gas from the 
blower alluded to not used in the mine during the course of the day ; and 
this gas is applied to give light to the workmen not only at the bottom, 
but at the top of the pit, also lighting up engine-houses, workshops, offices, 
&c., for which it is found to be more than sufficient. If the superabun- 
dant gas be passed into the upcast shaft, and lighted up in the heated 
tubes, an increased ventilation will be created, which, upon the same plan, 
may be ftirther assisted by the gas emanating from the retorts used in 
making coke from the refuse small coal, either at the top or bottom of the 
mine. The upcast will thus be relieved of the immense quantity of smoke 
usually arising from the fiu'nace, which I have seen with heat and hot 
flame, bot];L in this and other countries, set fire to the coal ; even so at the 
present time, which causes immense loss of property to the owners and 
great risk to the lives of those employed in the mines at the time. It is 
not improbable that the small coal und natural gas being thus applied, will 
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allogelher wipc rie d e the fbrniee and iU objeetionahle aaoke, A|ipantes 
of the MMi propcwed maj be seen in opendonat the Emma Pit, at Townfej 
Colliery, near B jtoo, by ap|^ jing to Mr. T. Y. Hall, Ekkm Square, New- 
castle. The anatysis of thb gas, which is very pure, Mr. B. Simpson, the 
agent at the colliery, will give yon at a future meedng. At the top of the 
pit he causes it to pass through a qwnge saturated with naphtha, which 
increases the brilliancy of the light where it is desirable. This is the same 
gas with which Mr. Or, C. Greenwdl made his experiments, both with and 
without naphtha, in trying to e^q^ode gas at a heated plate and iron-wire 
8a£i^y-gauze, the details of which were given in the paper that he read at 
our June meeting, and which he kindly promised to repeat and extend, at 
the request of our President^ after obtaining an analysu of the gas. (See 
p. 16.) 

In order to obtain the necessary quantity of air, th^e is placed at the 
bottom of almost every mine a large furnace, which is supplied with fresh 
coais every few nunutes, to create a large flame, over whidi passes, in mosi 
cases, all the air and gas in the pit, exo^t when the air is very mudi 
charged with gas, and then it is carried over a dmnb drift geskonJly above 
the furnace, which takes the air largely charged with gas into the shaft 
To obviate this danger, and make any pit quite secure where nothing 
but proper safety lamps are used, all the air and gas might go through 
proper wire gauze, so that the gas, if accidentally ignited at the furnace, 
would not pass back into the mine through the wire-gauze pipes.* 

So many differently constructed lamps are in existence that mudi 
uncertainty, inconvenience, and doubt have arisen, and still prevail, with 
regard to the safety of all or any of them, including even the first, which, 
in my opinion, was the bat lamp ever yet invented, having been consi- 
derably and more generally used in this country than any other for about 
forty years, and for many years, in numerous instances, to the knowledge 
of many of you as well as myself in this and other country coal 
districts, v^ severely tested* Nearly two dozen different kinds of 
lamps, manufiictured in this and other countries, have been exhibited 
at various times, and descriptive drawings of which are given in a 
recently-published work, by our eminent fellow-townsman Dr. Bichard- 



* If the suggestion be not improper, I would propose tiiat a committee of mem- 
bers of this Institute should be i^pointed to investigate the evidence now given 
before the committee of the House of Conmions on the sulgect of ventilation, so as 
to make some fanprovement, by a short plain report. If posdble, upon the plans 
which may be adopted under the saaction of Parliament. 
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son, oitiiled ^^Ghemioal Teehnology." They were tested lately at 
Killingworthy at the expense of our respected president, Mr. N. Wood, 
who has devoted immense time and trouble, not only to those experi- 
ments on safety lamps, which were conducted by the aid of an ingenious 
and expensive apparatus, but also to other experiments, scarcely less 
important than these, on the different modes of ventilating coal mines, by 
furnace, steam jet, and the pumping system, and to whom the coal trade, 
the public, the members of this Institute, and last, not least, the Govern- 
ment itself, and particularly, in my opinion, the inspectors appointed by it, 
are uuder the deepest obligations. Mr. Wood's apparatus was not adapted 
to ascertain the proportions in which the air and gas were admitted ; but 
in order to ascertain these points correctly, which are very important, I am, 
with the assbtance of Mr. P. S. Beid, of Pelton Colliery, preparing an 
apparatus at Townley Colliery, where we have a blower of gas very 
pure and well adapted for the purpose; the result of which I shall 
lay before you at a future meeting, along with other important facts. 
Nearly the whole of these two dozen lamps had glass exposed without 
being covered with a proper safety gauze ; and all of them were, in 
my opinion, proved to become defective in some way or other, the contest 
of merit being limited to four — ^namely, that of Upton and Roberts, 
Stephenson, or the " Geordy," Sir Humphrey Davy's, and my own, all of 
which have an exterior covering of safety gauze. There were two or three 
others with exterior gauze, but they did not stand the severe test to which 
they were submitted, and which was borne by the four above mentioned. 
The first two— Stephenson's and Sir Himiphrey Davy's — ^bore a severe test 
before they passed the flame, the gauze having to be, not in a red^ but in 
a white heat, for a considerable time before they did so. The "Geordy,** 
having a glass cylinder within the gauze, did not in that state pass the 
flame, but the light was extinguished very rapidly : when, however, the 
glass was removed, and a trial made withcrut it, the ** G^ordy" passed the 
flame quicker than the Davy. Upton and Eoberts' lamp collected the 
smoke and soot so rapidly inside the whole lamp, that the flame lost its 
illuminating power, and was nearly out, before it came amongst the gas. 
My lamp, however, when properly constructed and used, will stand a much 
severer test than any of the others — will, in short, never come into a red 
heat, and, consequently, cannot pass the flame. There are two or three 
glass lamps — one by our highly-talented townsman, Dr. Glover, which 
was tried, and which went out quickly, but, as Mr. Wood remarked, having 
only a single gauze upon the ffUus cylinders, it was in that part a Davy 



12 

lamp, and with the like liability in that respect. Another lamp, by Dr. Fife 
of this town, could, as I have remarked to him, by the adoption of my 
principle, be made as good a glass lamp as any. The like may be said of 
Eloin's and Muesler'a« 

If, then, there exist doubts in respect to the safety of all or any of the 
lamps that have been heretofore invented, either in this or any other 
country, it behoves our Government, and Government inspectors, the 
miners themselves, and more particularly the owners of collieries and the 
members of this Institute, to investigate the subject fully, and, after due 
deliberation, to fix upon one lamp, either mine or any other, which may be 
taken to be the safest and the best, giving the most light to the miner, and 
affording him the greatest security from explosions. Having fixed upon 
such a lamp, its general use ought to be enforced as far as practicable. 
Should my lamps come into general use, I would consider it desirable, in 
order to get them perfectly constructed and well locked, and at the cheapest 
rate, to regulate the manufacture of them by law. There is no doubt in 
my mind that they could be manufactured at as cheap a rate per thousand 
as any of the lamps now in use, and not heavier than the Davy or 
Stephenson, which are the lightest. In order that no impediment should 
prevent their general adoption, so far as I am concerned, although I have 
a patent, no Patent Right Tax should be suffered to interfere, or be 
imposed at all, unless the amount collected went to a Government Bank, 
there to accumulate, and then be distributed among such miners or their 
families as may be deserving of such aid. Out of such a fund premiums 
might occasionally be given to pitmen or miners for mining education 
and good conduct, and to those who were the most careful and kept their 
lamps (for a considerable time) in the safest and best working condition. 



" The following experiments, on the lighting powers of various lamps, 
were tried with a Photometer at Wallsend, on 30th October, 1849. Present, 
Mr. Parish with a safety lamp, Messrs. George Clark, James Easton, and 
Thomas John Taylor. 

STANDARD, A WAX CANDLE OP SIX TO THE POUND. 

Number of Lamps required to equal Wax Candle Standard. 
On SOth Oct. On a previous day. Average result. 

1. Davy lamp with gauze ... 9 . . 7 . . 8 

2. Stephenson's lamp .... 17 . .20 . . 18^ 

3. Upton and Roberts' lamp . . 25 . .24 . . 24^ 
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4. Dr. 0101111/8 lamp (glass) . . 3f 

5. Muesler's lamp (glass) . . . 3A 

6. Greener's lamp (talc) ... 4 

7. Mr. Parish's lamp with gauze . 2f 

8. Davy lamp flame without guaze 2^ 

9. Common pit candles (30 to the 

pound) 2 . .2 . .2 

" As two pit candles are equal -to the standard wax candle, by dividing 

the results by two, we obtain the lighting powers of the various lamps 

comparatively with those of a pit candle of thirty to the pound. For 

example, the light of a common pit candle is equal to that of 8-*- 2=4 Davy 

lamps. 

' "T. John Taylor." 

It appears, from the foregoing statement, that the proportion of light 
to a common pit candle of thirty to the pound, is in 

Upton and Roberts' Lamp . . . 
Stephenson's ditto . . . 

Davy's ditto . . . 

The result of experiments made with these lamps, on Tuesday the 
2nd August, 1853, at the same place, by Mr. Thos. John Taylor, Mr. 
Clark, Mr. Reid, Mr. Laws, and myself, was about the same as the 
above. 

I consider my lamp will give a light equal to the common pit 
candle ; which may be considered sufficient for all practical purposes, and 
is the point that many scientific and practical men have unsuccessfully 
attempted to arrive at, during the period that has elapsed since the days 
of the great originator of safety lamps, whose name the mining population 
of this district, and humanity at large, must ever hold in grateful 
and reverential remembrance, with the names of Stephenson and 
Clanny. 

I cannot conclude without stating, that I have been kindly allowed, 
through the kindness of the widow of the late Rev. John Hodgson, who 
was rector of Heworth at the time of the large disastrous pit explosion at 

* " In any lamp with less than 784 holes to the square-inch in the mesh, the 
light would be so reduced that no pitman would attempt to work with it." — 
Newcastle Journal, 7th April, 1849 — Article oh the Clanny lamp. 
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Felling Colliery in the year 1812, to have aooeas to the whole (tf the 
original correspondence between that gentleman, Mr. Buddie, and Sk 
Humphrey Davy, from the first day the latter directed his att^ticm 
towards inventing a safety lamp. The reverend gentleman, as wdl 
as my late colliery partner and friend, Mr. J. Buddie, I found, very 
much to their honour, assisted Sir Humphrey to the utmost of thdr 
power, in pursuing his investigation and Mnging the result before the 
public. 



Since I addressed the members of the Institute, in July, on the subject 
of Safety Lamps, and described the experiments I had made in pursuance 
of the provisional specification I had several months before lodged in the 
Patent Office, for the purpose of obtaining a greater quantity of light and 
other advantages, I have, by a series of experiments and other modifications, 
fiilly succeeded in obtaining the desired result. My attention has been 
directed to the obtaining of increased safety and cleanliness, as weU as a 
greater amount of illuminating power. That I have succeeded on the first 
point, will, I think, be readily admitted. The provision I have made in the 
lamp for the rapid consumption of the smoke it generates, ensures the second 
object ; and for the attainment of the third — ^namely, increase of light, — I 
have adopted an oval lamp, with one large and powerful plano-convex lens 
in front of the flame, and the flame itself I place in the focal centre of a 
parabolic reflector. The rays of light impinging upon it are condensed by 
the lens, illuminating very powerfully a considerable space. And it has unce 
struck me that a still further improvement may be made in this respect, by 
surrounding the flame with a polygon lens, the flame in the lamp being 
secured by gauze. This, I am satisfied, would difiuse a very strong light in 
all directions required. The lens I propose to adopt is the dioptric lens of 
M. Fresnell. I intend very shortly to have a lamp made on this principle ; 
and which I will submit to the inspection of the members of the Institute 
at the earliest possible opportunity. This lamp, although of a difi*erent 
shape, will be neither larger, longer, nor heavier than my present safety 
lamp. 

I have already tried the principle, to a certain extent, with the wire 
gauze, now commonly in use, the meshes of which are of such a size as to 
admit 784 in the square inch. I have not yet procured the gauze that I 
proposed to use with my lamps, and containing 1,000 or more perforations 
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in the same space; but I liave found one contahiiiig 1,2% (wfaidi I 
formerlj referred to in r^ard to another lamp) to answer mSU «nd 
to emit a beantifb] light when used in the lamps which I have com- 
pleted ; and it is a remarkable fact, that iron wire gaoae, |datiQ»- 
wire gaoze^ or even copper-wire gaoze, containing firom 1,000 to 
1,200 perforations in the square indi, or upwards, and so encased in 
glass, may be considered sufficiently strong, and will give a light 
adequate to all purposes, and still make the lamp both stronger and 
safer than with the common gauze her^ofcve used with 784 h<to per 
square inch. 

The wire gauze which I propose to use contains about 1,200 holes per 
square inch, which, if made of iron, will be sufficioitly strong and per- 
fectly safe; and the lamp little or no more costly than the ordinary 
guaze lamps ; or, if a small portion be constructed of platina, for the dome 
part, at 35s. per ounce, would not, from its trifling weight, exceed the 
price at which glass lamps are now selling. The only p<Hti<m I con- 
structed of platina was the small dome over the flame, fcv the inner glass 
tube, before I had ascertained, by experiment, the size and form of glass 
suitable for the same purpose — the consumption of smoke. A dome 
made of platina, with 6,400 holes to the square inch, for the glass tube to 
rest upon, did not add more than 2s. to the entire cost. Besides, my lamp, 
whether the gauze were made from iron or from platina, would, firom the 
neutralisation of dust, or smoke, or flame, seldom require repair ; and, in 
fact, if well made, would last for a lifetime. As to the amount of light 
it emits, some conception of this may be formed from the circumstance of 
my having, in experimenting with a brilliant flame, and a gauze containing 
6,400 holes, and another the extraordinary number of 10,000 holes, 
obtained treble the light derived from the Davy, with or without 
encasing it in glass cylinders. 

P.S. — I consider that my principle of ventilating safety-lamps may be 
applied to other lamps of any size, to supersede the stove or grate in 
rooms, in which, with this mode of ventilation, gas or oil, <wr any other 
sources of illumination might be used, not only warming and lighting the 
room, but filling it with pure air at an even temperature. It is admitted 
by all that pure air is essential to the preservation of health ; and the 
Faculty unanimously ascribe consumption, and other equally fatal diseases, 
to the vitiation of this element. An eminent author, fully alive to this 
evil, calls a dose stove a red-hot demon. Why then should life be sacri- 
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flced iind money expended — as in the case of the two Houses of PorUament 
— to no purpose, while the remedy is here placed within the reach of all,t 
The tables of mortality exhibit, in a remarkable degree, the greater 
loqgevity enjoyed by those who not only are of temperate habits, but who, 
from combined circumstances, can enjoy the inexpressible bles^ga of pure 
air in well-ventilated apartments ; and when we reflect that one-half the 
population die before reaching the age of twenty-one, the most incon- 
siderate must admit the necessity of pure air and better ventjlation. The 
Society of Friends, whose habits are uniformly temperate, and who are 
feelingly alive to the neoesuty of pure aii and cleanliness in dwellings and 
person, — thdr term of life averages fifty-one years, whilst the average 
mortality of the rest of the world gives only thirty-three years to each 
individual, showing a difibrence of eighteen years' longer enjoyment of Ufe 
in &vour of that sect over every other ; and as every life has a eertun 
value, pure air, obtained by better modes of ventilation, with temperate 
habits, would add permanently one-third, or fifty per cent., to the 
human family throughout the world, and life would be prolonged at 
a time when the thinking and productive Acuities are in thdr fullest 
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N?3 DIOPTRIC LENS LAMP. 



larrfby^ StASMniTXti. 



SHORT DESCRIPTION 

OF 

3&X. <&, f, Mh :^abnt ^afetq ITatnfa. 

The principal iinproTomentB in these Lamps consist of aiTangements for obtaining saperlor 
combtistion, the oonsamption of smoke, and an increase of light, with complete protectton 
from explosions of gas, so destructive to human life in coal mining operations. These otjjectf 
are efGscted by the admission into the lamp of the external air necessary to support oombustioi 
through apertures in a portion of the circumference of a cylinder of gauce about one-sixteenth 
of an inch in depth, and two inches below the top of the Lamp, aod by conducting it down- 
wards between a sheathing of glass surrounding the lower portion of the gauze and an inner 
tube or chimney, into a chamber or Tault in tiie oil-pan, haying a central aperture, through 
which the cool air returns upwards, and is directed against the flame within the tube or 
chimney, which assists in consuming the smoke and guides the heated air into the nj^wr 
chamber, which is formed by a stopper extending from a brass rim above the air-way to th« 
inner tube, whence it makes its exit in all directions through double or treble gauze with perfect 
safety from explosion. The cool air may also be admitted at the bottom of the lamp; its 
admission in either case being regulated by means of a screw plate or moveable slides. In con- 
sequence of the admission of the air being thus accurately regulated to a suffldency for to feed 
the flame and no more, the gas that eniers when the Lamp is in an explosive mixtore is n 
small in quantity, and so extensively diffused through the in-going current that it is consumed 
at the proper point, thereby assisting combustion when not in excess, yet indicating He 
presence by an extension of the flame. Under such circumstances, it is the duty of the 
miner to lower the wick, which may be done easily in these lamps by means of a rad 
and pinion, and thus diminish the flame ; otherwise, as the gas becomes in ezcen, 
the flame will itself decline, and ultimately expire from want of proper sustentation. 
This plan is shown in figure No. 2, which is nearly full size, with gauze 1296 meshes 
per square inch. Figures No. 1 and No. 3 show, upon the same principle, how the Lamp 
may be fed with heated oil, whereby less of it is consumed, while increased brilliancy of light 
is obtained. Figure No. 3 shows also the application of the dioptric lens. The gauze in all 
these Lamps extends from the top to the bottom of the frame, and is stronger, finer, and 
more secure than the ordinary gauze of the Davy Lamp, as there is double the number of 
holes in it, which may be increased to fr'om five to ten thousand and upwards in each square 
inch, and still combine perfect security with abundance of light 

OTHER ADVANTAGES PECULLiR TO THIS LAMP. 

It is easily cleaned and kept in repair. 

It is impossible for the workmen to light their pipes by sucking the flame through the 

gauze. 
The intensity of the light can be regulated at pleasure, so as to economise the oil when 

there is not much light required. 
It is impossible to explode the gas through the gauze. 

The following gentlemen have expressed their approval of Mr Hall's Lamp : — 
Mr N. Wood, President of the North of England Institute of Mining En^eers. 

,, Thos. John Taylor, Mining Agent to Duke of Northumberland. 

,, Thos. Sop with. Chief Mining Agent to W. B. Beaumont, Esq., M. P., and Commis- 
sioner to the Orown under the Dean and Forest Act 

„ Wm. Anderson, Mining Agent to Earl of Lonsdale, dec, dec. 

„ Ht. Morton, Chief Agent to the Earl of Durham. 

,, Geo. Elliot, Mining Agent to Marquess of Londonderry. 

„ B. Heckels, Mining Agent to Earl of Durham. 

„ Tuos. Wood, Managing Owner at Lud worth and Thomley Collieries. 

„ John Dobson, Architect, Newcastie-on-Tyne. 

,, John Bobson, Managing Owner for several Collieries. 

„ Edw. Potter, Do. Do. Do. 

„ Wm. Barkus, Mining Agent, Gateshead Foil, do. do. 

,, M. Liddell, Mining Agent for Gosforth and Mickley Collieries. 

„ J AS. Easton, Mining Agent for Hebbum and Gateshead Collieries. 

,, W. Armstrong, Mining Agent for Lord Howden, Wingate Grange, and Castle Eden do. 

„ John A. Forster, Colliery Agent, Castie Eden. 

,, Thos. E. Forster, Mining Agent for South Hetton, Seaton Delayal, &o. 

„ Thos. Storey, C. E., St. Helen's, Auckland. 

„ P. S. Beid, Viewer, Pelton Colliery. 

,, G. C. Green well. Manager of the Countess of Waldegrave's Coal Mines, at Badstodc, 
near Bath, and late Mining Agent at Marley Hill and other Collieries. 

„ Bobt. Simpson, Managing Agent to the Stella Coal Company, at Townley and WhitefieU 
Collieries, Ryton, County of Durham. 

„ Wm. Watson, Viewer, Newcastle. 

,, Ht. Watson, MauufEicturer of Safety Lamps, dec. 

„ J. Abbot 6c Co., Do. Do. Do. 

,, Wm. Hunter, Mining Agent for several Collieries. <*Tou have obtained two'greik 
desideratums, increased light and perfect safety.'* 

,, Dr. Richardson, Newcastle-upon-Tyne. 

„ W. G. Armstrong, F.R.S., Do. 

,, RoBT. Hawthorn, Engineer, Do. 

„ Wm. Hawthorn, Do., Do. 
Also, two others, formerly pitmen. One of these is now a viewer ; the other, when a boy, 
was employed to work a steel mill, which only gave sparks instead of flame, to ligfat tti 
hewers at Uieir work in the mine at Wallsend Colliery. 

At the Miners' Conference, held at Bolton on the 6th Inst., (at which 40 delegateB««t 
present), the Chairman, through Mr Jnde, brought before the delegates the Improved 8iM| 
Lamp of Mr T. Y. Hall, Newcastle. The Lamp was much admired, and the delogatei pn- 
mised, on returning to their several localities, to make its moritg known to their empk^ffi 
and fellow-workmen. 



IMPROVEMENTS IN COLLIERY WORKINGS. 



The following statement was included in the body of the foregoing 
explanations as to the construction, power, and applicability of my new 
lamp, as a safeguard to the miner in the pursuit of his avocations. It was 
introduced for the purpose of creating confidence in my competency to 
deal with matters of this nature, from my long practical experience in 
colliery affairs, particularly in some of the most dangerous mines in the 
great northern coal-field of England, as well as in the United States of 
America. The purpose appeared legitimate enough to warrant me in 
adopting that course ; but as the Council of the North of England Insti- 
tute of Mining Engineers have taken exception to its insertion in a 
pamphlet professing to be published under the sanction of that body, until 
it has been considered by a general meeting to be held in December next, 
on the ground that it is not necessarily connected with the subject of the 
lamp, I withdraw it from the position it originally occupied, and respect- 
fully submit it to the perusal of my readers here : — 

It may, in some degree, serve to create a favourable impression in the 
minds of persons to whom I am personally a stranger, to inform them that 
this is not the first instance in which I have had the honour of introducing* 
improvements in the working systems of the coUieries in the district to 
which I have just referred — ^improvements which, at the outset, were 
viewed with coldness and adopted with hesitation, by many who have since 
cordially embraced them; and the now common adaptation of which 
strengthens my belief, that the invention which I have now the satisfaction 
of placing before the mining world, will not be long in establishing itself 
as firmly, and proving itself quite as beneficial to all concerned in its 
success, whether owners of coal-mines, or workmen employed therein, as 
those by which it has been preceded. 

The improvements to which I refer had the effect of saving upwards of 
three-quarters of a million sterling in the annual working-charges of the 
collieries in the counties of Durham and Northumberland, besides interest 
on the large amount of capital employed for each pit, by increasing the 
quantity, when necessary, to double the former produce; and I am 
strongly persuaded that the reduction in expenditure and in the loss of 
human life that will, in all likelihood, result from the employment of my 
lamp, will make a material addition to the sum of good which I have 
already been the humble instrument of securing to the coal trade and 
those by whose labour it is carried on. Such improvements, all done at 
the same time, may be divided into four heads : — 
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The first was to effect (in the years 18dd and 1834) the abolition 
of the corves or wicker baskets up to that time used to convey the coal 
jfrom the mine to the surface. These corves were objectionable for 
several reasons, but more especially from the immense labour requisite 
to keep them in good order, and from the great exertions necessary to 
move them both below and at the bank. Their abolition was effected 
entirely by the adoption of the wooden and iron tubs now so generally 
employed. 

The second was the introduction of cages into which these tubs were 
inserted in their transit and descent into the mine, and with a facility far 
exceeding any plan previously adopted. 

The third consisted in the adoption of guide-rods or conductors of 
wood or iron, between which these cages were made to travel, and which 
greatly facilitated the drawing of the coals, and rendered more secure and 
rapid the ascent and descent of these cages and tubs now so universally 
adopted in this district. 

Fourthly, the use of tubs and the general advantages of the system as 
compared with the corves, led to many improvements in the underground 
railage — in the laying aside of the old tram-plates and the adoption of the 
edge-rail, or simple bar of iron, (half-inch by one-and-a-half, or so, deep,) 
fixed in notches of the wood sleepers to carry the tubs with one-third of a 
ton of coals in each ; and subsequently in the adoption of many other 
improvements, ending in that of the bridge-rail, as at present used upon the 
Great Western Railway, under Sir I. K. Brunell, and since introduced into 
coal and other mines, on a suitable scale for roads for pit work, by Joseph 
Laycock, Esq., of Winlaton. Since then, guides and cages have been 
adopted, to the entire exclusion of the system of under-ground cranes and 
all their concomitant expense ; thus' forming one system of iron road from 
the pit or shaft to the face of the coal, without break or interruption, and in 
the same manner into the cage on the rope at the bottom of the pit, whence 
it is drawn to bank, discharged of its contents, and returned in the same way. 
These improvements led to the use of small Shetland ponies, suitable for 
low seams of coal, which had the effect of lessening the putting price, also 
obviating the expense, of making height, by cutting stone for large horses, 
and admitting of machinery with wire rope being more generally applied. 

It is unnecessary here to enter into an explanation of the various 
details (though it could readily be given), and it may be held sufficient 
for the purpose of illustration to state the well-known fact, that the 
modem plan is now everywhere adopted in collieries of any importance. 
This circumstance is enough to show that it is found by practical expe- 
rience to be the safest and cheapest means of executing a great amount of 
work that has yet been discovered ; though the judicious curtailment of 
expenditure in undertakings where frugality in every department is at all 
times necessary, and especially under the severe competition to which the 
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coal trade has for the last few years been subjected, must constantly be an 
object of anxious solicitude to those embarked in a trade that is at once so 
extensive and so precarious. 

An imperfect plan of raising coals by guides and skips had been par- 
tially acted upon in some south-country collieries ; but the quantities so 
produced being less than one-half of those raised in Durham and Northum- 
berland by the corf system, it was generally considered by professional men 
in the north of England, that the former system could never be made to answer 
where the. inferior and thin seams of coal required the sinking of shafts to 
an extraordinary depth, and the raising of very large quantities to meet the 
export demand, so as to cover the interest on the original cost and sub- 
sequent working-charges of the respective establishments, and leave a 
profit to the proprietors. Such original cost has, in many instances, been 
upon a great scale. A pit may constitute only one part of a shaft, which 
may be divided so as to serve the purposes of two pits, and to contain 
the pumping apparatus of the main engine. A pit calculated to work 
100,000 tons of coal will cost £25,000 ; 200,000 tons, twice that sum. 
The interest, to cover capital and wear and tear, should be 7^ per cent. 
At this rate, on the former sum, it would be £1,875; on the latter, 
£3,750 per annum; equal, upon the quantities given, to 4^. per ton; 
whereas, were two pits employed instead of one, for the same quantity it 
would be nearly double that amount, by including the extra pit-engines 
and sundries — ^but say only one-half, which would be 6fd., or £2,812 10s. 
The sums thus saved to the coal trade in Northumberland and Durham 
will, therefore, be obvious at a glance, without much further eluci- 
dation. So enormous, indeed, have the charges of such operations been 
that nearly a couple of millions have been exhausted in coal-mining 
operations from which the Joint Stock Companies who originated them 
have never derived a farthing, to say nothing of disappointed hopes and 
misapplied energies. — (See Fordyce*s History of the County of Durham^ 
p. 175, &c.) In some cases, the original charges may have been less, but 
that was generally in remote situations, where the coal was tender, and 
could only be used (at all events, in any considerable degree) for coking 
purposes. But, in such cases, on the other hand, large sums have had to 
be expended in the erection of coke-ovens ; and these, again, as well as 
other collieries that do not manufacture coke, have to be dependent, for 
the means of conveyance to places of shipment, upon public railways 
constructed, frequently, at the rate of £30,000 per mile, besides the 
outlay for waggons, drops, &c., and upon which they are subjected to 
heavy charges and much perplexity ; while collieries of the larger class, 
nearer to the sea-board, possess their own railways and rolling-stock, 
obtained at one-sixth of the expense of public railways, and facilities for 
transit, and will not abandon these resources to place themselves entirely 
at the mercy of public companies, either as to the cost of carriage, or time 



occupied in conducting the traffic between their collieries and the sea- 
pOTts at which their produce is shipped for the coast and other more 
distant markets. 

When I proposed to perform, by my tub system, double the work 
that had been done by corves, I was not only scouted as a visionary, 
but nearly frustrated in the realisation of my views. I did not, however, 
relax in my exertions ; but, omitting no opportunity that presented itself 
for the advancement of my purpose, I at length, at one of the collieries 
with which I was at the time professionally connected (South Hetton, 
where there were two pits, with an engine-pit made out of one shaft, 
eleven feet in diameter, of the depth of about 1,100 feet each, being about 
double the average depth of the pits in Durham and Northumberland), 
succeeded in giving vitality to my principle by drawing from one pit, per 
day, with one sixty-horse machine at it, 110 scores (or nearly 700 tons), 
instead of about half, viz., fifty-five or sixty, the previous rates of produc- 
tion. The system was also introduced at Townley Main and Whitefield 
Collieries, on the river Tyne, of which I am part owner, and rapidly diffused 
itself through the coal districts of the north. At these collieries, I produced 
as great a quantity — viz., 100,000 tons — ^from one pit yearly. The former 
owners had always used two, for even a smaller quantity ; and had this 
system continued, looking at prices and the rate of interest, there would, for 
the last ten years, have been a considerable annual loss. Some time after my 
connection with South Hetton Colliery had ceased, the guides were removed 
and abandoned for a short time ; but it was soon found necessary to replace 
them after I had re-established them elsewhere, and they have been 
adhered to ever since. Neither at that place nor at any other is there the 
slightest probability of the united tub-and-guides system, with cages 
attached to ropes, being relinquished to make way for a different agency, 
although I am about trying another principle which will do away with 
ropes altogether. A beautiful model from my design of a pit-shaft, on 
the cage and guide system, was made by Thos. Sopwith, Esq., Commis- 
sioner to the Crown, under the Dean Forest. Mining Act, and Chief 
Mining Agent to Mr. Beaumont, M.P., in Northumberland and Durham ; 
and after being deposited in the Polytechnic Exhibition in this town, was 
presented to the Museum of Practical Geology in London. 

I respectfully submit that the advantages which have been derived from 
the introduction of these changes in two important branches of colliery 
economy — the suggestions, I may be permitted to add, of my own practical 
experience as a colliery viewer — ought to be regarded as some recommen- 
dation to the no less important one — ^no crude theory, be it remembered, 
but the product of much cahn deliberation and careful experiment — ^which 
I now seek to accomplish. 
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